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GENERAL IHTRODUCTIOM AND HISTORICAL REVIEW 
The blood picture of IMlan fishes remains very much 
obscure and few works worth being mentioned are those of 
Dhar (1948), Banerjee (1966, 1967, 1966, 1966 and 1966), Pillay 
(1958), Pradhan (1961) and Qayyum and Kaseem (1967). These 
investigations have primarily dealt with the physical 
properties of the blood. Biochemical investigations on 
blood serum of freshwater fishes from India are very few 
and inuch restricted, as compered to biochemical work that 
has been carried out on skeletal muscles and other organs 
of fish body. Some notable biochemical studies on fish 
blood are those of Chanderasekhar (1969), Das (1961 and 
1966), Siddiqui and Siddiqui (1966) and Slddiqul (1966). 
Das ( 1961 ) has discussed in detail, the protein, 
lipoprotein and haemoglobin and their fractions and glucose 
content of the blood of the three major carps from Bengal. 
Later on he (1966) established age related trends in blood 
chemistry and haematology of Catla catla. siddiqui and 
Siddiqui ( 1966 ) and Siddiqui ( 1966 ) have reported the 
seasonal variations in alkaline phosphatase level, 
phosphorus, calcium and cholesterol contents of muscle, 
liver, gonads and blood serum of Ophicephalus punctatus. 
This not only presents the i^ hole picture of biochemistry 
of Indian fishes, but also emphaslsses the need of more 
efforts in this field of fishery research. 
Considerable work on fish haeiaatology is, however, 
being done in advanced nations as Is evident from numerous 
publications that are streaming in scientific journals. 
This makes it obvious that efforts similar to those that 
have been made and are being made elsewhere, are over due 
in our country. A beginning can be made by first studying 
the haematology of fishes of considerable economic value 
like major carps, Important cat fishes and murrels. In 
the present work an effort has been made to work out many 
physical and biochemical details of the blood of fishes of 
all the ma^or carps and important cat fishes. 
Blood is a reliable index of physiological condition 
of the fish and its proper evaluation with respect to the 
physical, chemical and biological influences throws much 
light on the adjustment that a fish population has been 
able to make with its environment. Studies made on 
selected environments will also enable one to know in 
advance the suitability of the environments, so plentiful 
in a big and diverse country like ours. Moreover 
investigations, as this, provide equal room to fundamental 
researcher and fish farmers. 
In the beginning of the present century the 
haematological studies were mostly restricted to erythrocyte 
counts, soon after attempts were made to increase the 
scope of the study to haemoglobin estimation, leucocyte 
and differential cell counts etc. And this period of 
fish haematology came to a very "bright and fruitful axid 
with the most comprehensive work of Hall and Collabrators 
(1926 and 1929) # They have shown that tie active fishes 
have high haemoglobin content, greater number of 
erythrocyte and small cell size. Investigations on the 
same line were then conducted by Root (19S1) and Reznlkoff 
and Reznikoff (1934). 
Hall e^ fl. (1926) also undertook a preliminary 
experimental study on asphyxiation of fish. Kischi (1940a), 
Phillips (1947) and Black and Black (1960) also showed the 
affect of oxygen and carbon dl oxide asphyxiation on fish 
blood. Anthony (1961), Pradhan (1961), Slicher (1961) end 
Flanker and Houston (1966) have reported that temperature 
was an important factor affecting the blood constituents. 
While the affect of starvation was thoroughly studied by 
Schaefer (1925) and Sano (1962). 
Within the recent years, haematological studies of 
many species have been reported in detail from different 
parts of the world. Seasonal variations in both physical 
properties and chemical constituents of the blood have 
been dealt with extensively, as is evident from the works 
of Hess et al. (1928), Kawamoto (1929), Yokoyama (1947), 
Menon (1962), Dombrowskl (1963), Lleb jgt jl. (1953), 
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Irlsawa and Irlsawa (1964), Hamolr (1956), Saito (1967a, 
1957b, 1957c, 1957d and 1958), Engle,^^. (1958), Jonas 
and MacLeod (i960), 0'Rourke (1960a), Preston (1960), Sano 
(1960a, 1960b, 1962a and 1962b), Drllhon ^  ai* (1961) , 
Sllcher (1961), Meisner and Hickman (1962), Korolcva (196S 
and 1964), Watson et ^ al. (1963), Booke (1964a, 1964b end 
1965), Kirsipuu (1964), Pilot (1964), Saunders (1964), 
McCartney (1965a and 1965b), Nyraan (1965), Summerfelt (1966), 
Elliot ^  jjL* (1966) and Saunders (1967 and 1968). 
Since the beginning of studies of fish haematology, 
considerable attention has also been paid to such aspects 
as origin, development and fate of the blood cells* The 
first account which appeared in the literature is that of 
Me Drzewina (1906)* She reported that hemopoietic tissues 
occurred in different regions of the body, e.g», mesonephrlc 
kidney, wall of the digestive tract, liver, pancreas, heart, 
genital glands and cartilaginous cranial capsule* These 
hemopoietic tissues for cell production are also different 
in different species* In teleost, the kidney is major 
anatomical region for cell production* Jordan (1924 and 
1933) and Duthie (1939) substantiated the earlier findings 
that the mesonephrlc kidney plays the most important role 
in hemopoiesis, but spleen is also an accessory organ* The 
works of Yokoyama (1947) and Catton (1951) have given a 
very detailed account of the origin of cells and histology 
of various hemopoietic organs of the fish body. 
Fully aware of the paucity of the literature on 
fish haematology, efforts were made to study the blood 
constituents of some commonest and economically important 
fishes of Aligarh region. The present investigfstion 
covers a period of about two and a half years, the results 
of which are being presented in the form of'this thesis. 
It has been devided Into two parts. 
The first part of investigation, covers the physical 
properties of the blood. The second part of the thesis 
describes the changes that have been observed in the various 
biochemical constituents of the blood serum of carps and 
cat fishes. 
The opening chapter deals with Materials and Methods, 
which were used and followed in the present investigation. 
Standard techniques were generally employed in full, but 
some times slight modifications in the procedures were also 
made, as according to necessity, on convenience and these 
have been mentioned at proper places in the text. 
The results obtained for the haematological 
constituents of fish Clrrhlna mrigala (Ham.), at different 
length, weight groups, different maturity stages of the 
gonads and variations in the different seasons of the year 
have been discussed in detail in Chapter II. 
Chapter III is devoted to a complete haematological 
study of the fish Labeo rohlta (Ham.). The data obtained 
have been supported with statistical calculations. 
Chapter IV deals with the differential blood cell 
counts of three species of major carps. 
Chapter V deals with comparative study of the blood 
of the fishes Cirrhina (Ham.), L.pbep rohlta (Ham.), 
Catla catl^ (Ham.)| Wallogonia attu (Bloch and Schneder), 
(Bloch) , mag^ (Bloch), 
Qphic^phalus striatus (Bloch) and Symbranchus bengalensj^ s. 
The data obtained were analysed and studied in the light 
of previous works but with out any pretention, the author 
had to make independent decision in many instances. 
A detailed study in the seasonal variations of blood 
of Cirrhina mrigftla and Labpo in various seasons of 
North India, has been discussed in Chapter VI. The 
observations have been correlated with various environmental 
factors e.g., changes in water temperature, variations in 
dissolved oxygen concentrations, pH of the wster and 
seasonal variations in the food cycle. 
Chapter VII of the second part of the thesis is 
confined to the seasonal variations, occurring in the blood 
serum of Heteropneustes fp^pilis (Bloch). The variations 
in the chemical constituents have been correlated with 
various biological factors such as spawning behaviour, 
maturation of gonads, feeding intensity and the quality of 
food. 
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Chapter VIII deals with the seasonal variations in 
biochemical edmposltion of blood serum of Glrrhlna mrlpala 
(Ham.) and Labeo rohita (Ham.), two important major carps. 
The results, thus obtained, have been correlated 
with two most important aspects of biology, feeding and 
spawning cycle of the fish. 
The last chapter gives a detailed account of the 
comparative study of the biochemical constituents of the 
blood serum of carps and cat fishes. The representatives 
of both the groups, investigated, are of great Importance 
from commercial and pisciculture point of view. 
It Is hoped that this method of representation will 
not make the thesis more difficult to read. 
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imODUCTIOH 
A detailed investigation on the haematology, 
including chemical constituents of major carps (Catla catla ^  
(Ham.), Iiabeo rohita (Ham.) and Cirrhina mri^ala (Ham.), 
cat fishes (Wallo^onia attu (Bloch and schneder), 
Heteromeustes fossilip (Bloch), murrel (0T3hicephalus 
striatus (Bloch) and eel (^ymbranchus bei^alen^i^ (Bloch) 
was carried out. The present study includes a comparative 
study of blood constituents of various species and the 
affect of various environmental factors on physical 
properties of the blood. 
Few Important chemical constituents of the fish 
blood serum were also estimated. A comparative study of 
alkaline phosphatase level, phosphorus, calcium, protein, 
cholesterol and iron contents in all the" three major carps 
and two Important cat fishes, named above, has been made. 
Seasonal variations of the above said constituents in the 
blood serum of H. fossilis were also carried out over a 
period of 20 months and the data for overlapping months 
have be6n pooled. The results obtained, have been 
correlated with feeding and spawning behaviour of the 
fish. 
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METHODS FOR OBTAIHIMG FISH 
Carps and J^ . attai were collected from University 
Fish Farm, situated about a mile away from the laboratory. 
Firstly the fish were caught by a drag net, when a large 
fish sample was needed* Later it was realised that most 
of the fishes were in exhausted condition, as they were 
exposed to air and heat for varying lengths of time, in which 
the samples were taken. Therefore, cast net was considered 
to be a better means of catching fish, as only few fishes 
were caught by this method in one operation and all the 
fish were sacrificed imaiediately. 
J- fossilisf C. magur^ 0. stria fits and bengalensis 
were obtained from the local fish market. As soon as the 
fisherman returned after fishing, the fishes were procured 
and brought to the laboratory and were kept In fresh tap 
water for about an hour. 
Each fish was measured, weighed and sexed. The 
gonad condition of carps was also noted and the results were 
arranged according to different stages of gonad maturation. 
COLLECTION OF BLOOD SAMPLE 
The main difficulty in collecting blood sample was 
the quick coagulation of blood. Some workers have taken the 
blood directly from the heart while others have collected 
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th© blood samples after severing the tail or from the 
gill region. McCay (1929) obtained blood ssmples through 
cardiac puncture, from the ventral surface of the body 
while Dawson (1933) procured it from the vein on the inner 
side of the operculum. Field jJ^  (194S) followed the 
method of McCay (1929) and Sano (1962) withdrew the blood 
of trout from cuvierian duct, with out anesthetizing or 
causing fatal affect on fish. Schiffman (1959) obtained 
the blood from the dorsal aorta of anesthectized trout 
and McKnight (1966) collected the blood from caudal aorta, 
after injecting a needle (No.22) posterior to the anol fin 
and struck the vertebral column at 45® and finally retrieved 
about 1 mm and obtained a steady flow of blood. By this 
method she obtained 0.5 ml. from smaller while 1-2 mi. from 
larger fishes. 
In the present study the blood sample of carps and 
W. attu was collected on the site of fishing, whereas in 
the rest of fishes the blood was collected in the laboratory, 
The tail was severed and wiped out with a dry towel, and 
the blood was allowed to drain through the dorsal aorta in 
a 6 ml. tube. 
Various methods have been adopted by many workers 
for checking the coagulation of the blood. Schlicher (1927) 
injected b$ ammonium oxalate in abdominal musculature a 
few minutes before killing th© fish. McCay (1929) used 
mineral oil for inhibiting coagulation and Wintrobe (1934) 
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Used heparin as anticoagulant. Duthle (1939) waxed the 
blood container and pipette before taking the blood sample. 
Field ^  111. (1943) used 0.1 M sodium oxalate in a syringe 
•and obtained satisfactory blood sample by this method. 
McKnight (1966) used EDTA to obtain satisfactory blood 
samples of Prosopluia wllliamsoni and found It better than 
any other anticoagulants. 
In the present study heparin was used as an anti-
coagulant at the concentration of 0.2 mg./2 ml. of th© blood. 
In case of Slnghl and Magur heparin was not found to be 
satisfactory, as blood coagulated even at tauch higher 
concentration of heparin (0.6 nig./2 ml. of the blood) and, 
therefore, double oxalate of ammonium and potassium was 
used at the concentration of 4 mg./2 ml. of the blood. 
Ilie required amount of double oxalate solution was taken 
in 6 ml. tube and was put In an oven at 80®C. for 
evaporation of the water, thus disallowing the blood to 
dilute. This anticoagulant was found to be very satisfactory 
for these two species. As soon as the samples were 
collected, the bottles were transported to the laboratory 
for various haematologlcal studies. 
The blood sample for chemical constituents was 
collected in a clean cold tube, after severing the tall. 
The sample was kept in a refrigerator at 4°c. for complete 
coagulation and then centrlfuged for 20 minutes to remove 
the serum. Normally fresh sample was used, otherwise. It 
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was frozen and assayed within a week. In case of Singhi 
the blood of various Individuals were pooled to get 
sufficient quantity of serum sample. 
HAEMAfOCRIT 
The blood was t^ken in a Wintrobe haematocrit tube 
and was centrifuged for half an hour at 2,600 rpm., and 
then the reading was noted, but to make sure if the constant 
value had been reached, the tubes were again allowed to 
run for 16 minutes at the same velocity and the final 
reading was noted. Packed cell volume had been expressed 
in percentage. 
Various authors have used microhaematocrit method. 
McKnight (1966) took the blood sample in 70 mm long and 
0.6 - 0.9 ID, and 3/4 of the capillary was filled with 
blood. One end was sealed and then spun for 7 minutes in 
a microhaematocrit centrifuge at a speed of 12,600 rpm. 
The value of Packed cell volume was determined with a 
haematocrit tube reader. 
HAEMOGLOBIN 
Different authors have used different methods for 
the estimation of haemoglobin and most of them have adopted 
acid hematin method of Sahli for haemoglobin determination. 
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In the present study the haemoglobin was estimated 
by Wongs (1928) method. O.e ml. of blood was treated with 
concentrated sulphuric add in the presence of potassium 
per sulphate. In this my Iron from the blood was detached 
which after being deproteinized passed in the filtrate. 
Iron In the filtrate was estimated colorlmatrlcally, after 
developing colour with SN potassium thioeyanate. From 
this total iron haemoglobin is readily obtained, since 
haemoglobin contains 0.30 iron and only of total iron 
In the blood Is non-haemoglobin. Iron in a standard 
solution of ammonium ferous sulphate was also colorimatrl-
cally estimated, and was finally calculated from the 
following forimalaJ 
Reading of standard 1 0.4 
Reading of unknown 3.4 1 
ERYTHROCYTE COUNTS 
Blood cell coimts were made on freshly drawn blood, 
treated with an anticoagulant. Preliminary counts were 
made by using saline water as diluting fluid. VJhlle later, 
Yokoyama's (1947) stain was used as the diluting fluid, 
for better dlfferenclatlon of cells. In this stain 
sufficient quantity of dextrose was added to maintain the 
osmotic aqallibrium of the cells. 
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Stock golutlons 
Two stock solutions were prepared separately which 
could he kept for many months without deterioration. 
solution 1 NaCl 800 mg,, KCl 40 rag., 10 ml. of 40^ 
neutral formalin, dextrose 260 mg., KaH(C0)3 60 mg. and 
distilled water 40 ml. 
Solution 2 Methyl Violet dye 16 mg., Pyronim B 15 rag. 
and distilled water 60 ml. 
Equal parts of solution 1 a^d 2 are mixed and filtered 
immediately before use. 
The blood was diluted to 1 t 100 in standard Thoraa 
red cell diluting pipette. After vigorous shaking for a 
few minutes, the first few drops were eliminated; then 
the diluted blood was poured on the side of improved 
Neubauer haemocytometer. The haemocytometer was set aside 
for a few minutes to allow the cells to settle down. 
By adopting this method the erythrocytes are stained 
light violet or pink, and Can- be distinguished from the 
leucocytes by their homogenous appearence. The cells were 
counted under the magnification of 400. In several samples 
the counting was made on both sides of the haemocytometer 
and the average was noted. 
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The erythrocytes vere counted in five of twenty five 
smell squares* The cells which were on the upper side and 
left boundaries of the square were taken Into consideration, 
while those on right and lower side were not Included in 
counts* The number of erythrocytes per cubic millimeter 
was obtained by the following formulas 
1 , 1 
No, of RBC counted length depth 
No. of chambers (mii^ ) 
counted 
X 
LEtlCOCYTE COUHTS 
A great deal of difficulty was experienced during 
the leucocytes counts* In preliminary countings acetic acid 
was used as dilutant, but accurate counting was not possible 
due to presence of nucleated erythrocytes. Later Yokoyaraa 
solution was used for leucocyte countings. The diluted 
blood was used within b minutes for counting, because 
prolor^ed delay caused precipetation of the dye. The 
number of leucocyte per cubic millimeter was calculated 
from the following formula: 
No. of cells counted X Dilution X 10 mc 
No. of square counted 
McKnlght (1966) also used the same technique for leucocyte 
counts of Prosopium Williamsonl and employed both direct 
and indirect methods of counting. 
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ERYTHROCYTE HEASIIRBMBNT 
One small blood drop direct from the animal 
(without any anticoagulant) was taken on the slide and 
a thin smear was drawn by a rounded edge spreader. Hie 
slide w^s allowed to dry at 2&o C. in an oven for about 
an hour, and then stained with the Wright's stain. It 
was found that fish blood took stain at a greater rate 
than other vertebrates. The Wright's stain was flooded 
on the slide and left aside for half an hour, then buffer 
(pH ) was poured and again left aside for an hour 
along with the stain and buffer. Finally the slide was 
washed with runnli^ tap water to remove traces of stain 
on the slide. The measurement of the cells was made by 
callibrated ocular micrometer. A total of 30 mature and 
healthy cells were selected at random from each smear for 
the meesurement of length and breadth of erythrocytes and 
their nuclei. 
RATE OF SRYTBROCYTE SEDIMENTATION 
Freshly dra\m, heperanised blood was taken and 
allowed to stand in a Wintrobe tube for one hour. The 
rate of sedimentation indicated the velocity of 
sedimentation of red blood cells per unit of time. 
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BLOOD CLOTTim TIME 
A fine capillary tube of 8 em. in length with a 
diameter of 0.6 mm. vas used for the determination of 
clotting time. The blood was dravni through the capillary 
action, up to about 3/4 length of the tube and a very 
sensitive stop watch was clicked. The capillary tube ms 
broken piece by piece without giving any Jerk, until a 
thread like structure appeared between the two broken ends 
of the capillary tube and the time was noted. The clotting 
time was taken in duplicate. 
mSOLXSTE VALUES 
The absolute values e.g., mean cell volume, 
mean cell haemoglobin and mean cell haemoglobin concentration 
were also calculated from packed cell volume, haemoglobin 
and erythrocyte counts. 
MEAN CELL VOLUME 
The average size of the each cell can be calculated 
in cubic micron, if the volume of packed cell and number 
of erythrocytes are calculated from the following formula J 
PCV % 10 
Vol index = — — — x 
RBG/mer 
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MEAN CELL HAEMOGLOBIN 
Average haemoglobin content per cell is calculated 
and expressed In micro grams per 100 ml. of the blood. It 
csn be calculated by the following formula If haemoglobin/ 
100 of the blood and number of erythrocytes per cubic 
millimeter are known: 
Hb./lOO C.C. 10 
Color index « r- r--,- jj — 
BBC / MMS I 
MEAN CE^ HAETOLOBIN CONCENTRATION 
Mean cell haemoglobin concentration or saturation 
index is the average haemoglobin (g.) present in 100 ml. 
of Packed cell volume 
Hb./lOO ml. 100 
MCHC = 
PVC % 
The quantitative estimations of various biochemical 
constituents were made colorlraetrically on Klett Suramerson 
Photoelectric colorimeter. 
ALKALINE PHOSPHATASE ACTIVITY 
Alkaline phosphatase activity in the blood serum 
was determined by using Sodium Beta Glyceronhsphatase, a§ 
subtrate by slightly modifying the method of Bodansky 0lQ22) 
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Incubated samples were put in an Incubfttor, adjusted at 
37® C., till the temperature of the content reached 370c. 
la Incubated alkaline phosphatase subtrate, one ml. of 
serum was added and again incubated for one complete hour. 
After this period the tube was chilled in ice water and 
deproteini2©d with trichloroacetic acid and filtered. In 
the same way, controlled and standard samples were prepared, 
but without Incubation. The contents of all the tubes were 
filtered through a low ash filter paper (No.42 Wattsman). 
The phosphate in the filtrate was reduced to phosphomolybdic 
acid, and the colour was developed by the addition of 1-, 
2, 4 aminonephtho sulphuaic acid. The intensity of the 
blue colour developed, was proportional to the phosphate 
present in the solution. The difference of the phosphate 
contents between incubated and controlled tubes was taken 
as alkaline phosphatase activity in Bodansky unit. 
PHOSPHORUS 
For phosphorus estimation the method of Pisk and 
Subba Row (1925) was adopted. The procedure was more or 
less similar as that for the estimation of alkaline 
phosphatase, except that a subtrate was not used and the 
deproteinination was carried out with 10^ trichloroaeetie 
acid instead of 30^ trichloroacetic acid* A standard 
curve was drawn by using different dilution of known 
standard phosphate solution, in 10 ml. Thus the phosphorus 
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content In the serum was directly noted from the standard 
curve. 
CALCItTM 
The calcltim In the blood serum wes estimated by 
the method of Roe and Kahn (1929). Calcium was preclpetated 
from protein free filtrate, as trl-calclum phosphate, 
which was dissolved by the addition of molybdic acid to 
form the phosphomolybdete from the phosphate present. The 
colour was then developed by the addition of 1, 2, 4 amino-
nephtho sulphunic acid, and the intensity of the colour 
was noted on a colorimeter using red filter no.66. Since 
the standard phosphate solution containing 0.617 rag. of 
phosphorus is equivalent to 1 mg. of calcium, a standard 
curve wss drawn by using different dilutions' of known 
phosphate solution. 
TOTAL SERUM PROTEIN 
Micro Kjeldhal method as described by Oser (1965) 
was followed for protein estimation. One ml. of serum 
was digested with sulphuric acid in KJeldhal flask on a 
digestion apparatus. The digested material was transferred 
into 60 ml. flask containing distilled water. 0.6 ml. of 
this soliition was directly nesserallzed. Before nesserall-
zation both the nesseler reagent np6 solution were chilled 
in ice cold water. The reading was noted on Klett Summerson 
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colorimeter, using a green filter (480-660 . The 
nitrogen thus obtained was multiplied by protein factor 
(6.25) to ebtaiii the crude protein value. 
Mhydrous ammonium sulphate was used for preparation 
of standard nitrogen solution. A series of dilutions of 
the solution were taken and after nesseraiizstion, a 
callibration curve was drawn. 
CHOLESTEROL 
The cholesterol of the serum was extracted by ether 
alcohol mixture. A precipetate was formed which was removed 
by centrlfuging the contents. The supematent liquid 
containing the cholesterol was poured into a 25 cc. flask 
and the solution was evaporated to dryness. The cholesterol 
was then dissolved in anhydrous chloroform snd transferred 
into a tube. The colour was developed by adding 0.1 ml. 
concentrated sulphuric acid and acetic anhydride solution 
and its intensity was read on Klett Summerson Photoelectric 
colorimeter using a green filter (480-560 p.). 
IRON 
Iron level in the whole plasma was estimated by 
Wong's method (1928). Iron from the haemoglobin was 
detached by treating it with concentrated sulphuric acid, 
in the presence of potassium per sulphate. Deprotein!zation 
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of the sample was carried out by treating the solution 
with tungstic acid. Iron in the filtrate was estimated 
colorimatrically, after developing colour with 3N 
potassium thiocyanate solution. 
Standard iron solution of different dilutions were 
prepared by crystalline ferous ammonium sulphate. The 
colour intensity of solutions of known strengths were read 
on a colorimeter and a standard curve was drawn from which 
the iron concentration of unknown samples was found 
directly. 
20 0 29 S 30 0 39 S AO 0 i.9 J 50 0 S9 ? 60 0 69 J 
LENGTH OF CIRRHINA MRI6ALA 
100-17'. nS-2',9 250-324 325-399 400-471. 47S-S-49 550-0^4 025 /00-Ab >v£ 
WEIGHT OF C I R R H I N A MRIGALA 
iOO-I7H 175 32.5-399 550-624 700-ABOVE 
WEIGHT OF C I R R H I N A M R I G A L A 
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High haemoglobin content is found in fishes 
weighing up to 399.0 gtn. (Table 5 and Figul?e 6). The 
mean ifalues ranging between 9.351 gm. to 10.410 gin./lOO ral» 
of the blood, in these groups. In fishes of 400 - 474 gm. 
group, the level of haemoglobin suddenly falls down to 
8.989 + 0.2731 gra./lOO ml. of blood and remains stable in 
higher weight groups. 
The inaxlraum level of 'haemoglo'Dln tor male + 
0.2322 gffi./lOO ml. of the blood) is found in fishes of 
326 » 399 gm. weight group. While in females the maximum 
haemoglobin content (10.640 + 0.4801 gm./lOO ml.) is 
recorded in 175 • 849 gm. weight group fishes. The 
minimum level of haemoglobin in both the sexes is found 
in 550 - 624 gm. weight grouP* The values are 8.780 + 
0.5773 and 8.250 + 0.7006 gm./lOO ml. of the blood for 
males and females respectively* small weight fishes 
the mean variation is greater than in large weight fishes 
(Table 5, Figure 5). 
Similar results for haemoglobin content in Til a Pi,a 
^ ^ Ophicephalus have been reported (Pradhan, 1961). The 
variation in haemoglobin content with Increase in weight 
is also reported in Cyprfnuf parpio (Dombrowski, 1963), 
Pleuronecte^ platessa (Preston, 1960) and P. williamsoni 
(McKnight, 1966). 
The red blood counts increase up to 324 gm. weight 
fishes, where the counts are 2.470 + 0.1140 mllllons/mraS, 
Figure 6. Erythrocyte eounts of Clrrhlna mrlgala 
at different weight groups. 
M : 
I 
Hale & Female combined 
Female 
I00-I7i» as-W 325-399 7^5-549 SS0-6ZA 6iS-699 
W E I G H T OF C I R R H I N A M R I Q A L A 
700-A80VE 
4X 
After this a gradual fall In erythrocyte number Is noticed, 
which continues up to the weight group of 550 - 624 gm., 
with a mean of 2.074 + 0.0769 railllons/mm®. i\galn it 
increases by in weight group of 626 - 699 gm. There 
is a further increase in the next higher weight group, 
the red blood counts ranging from 2*07 - 294 milllons/mm3., 
with a mean of 2.366 +0.07 mlllions/mit^  (Table 6 and 
Figure 6). 
The lowest erythrocyte count (2.122 ^  0#12es millions/ 
mm?) is found in 650-624 gm. weight group. l«fhile the 
maximum counts (2.623 + 0.1768 mlllions/mmS) in. 260-324 gm. 
weight group. In females the lowest count is 2*025 + 
0.0783 milllons/mn^ in weight group of 660 - 624 gm., and 
the maximum (2.482 + 0.0079 millions per ram3), in the 
smaller weight group# 
High erythrocyte count in medium weight fishes Is 
reported in P^ tps,tpjayi,s commerfoni juc^lg^i, while the 
counts are lower in large and small weight fishes 
(Hendricks, 1962). Saunders (1966) reported low counts 
in small weight elasmobranchs than large weight fishes* 
Kawamoto (1929) found little variation in number of 
erythrocytes of Anguilla japonlca^ despite the difference 
in body weight and the difference arising in erythrocyte 
counts from the fishes of different weights are Insignificant, 
42 
It can be seen from the Table 6 that there is not 
much variations in leucocyte counts^ in fishes of different 
weight groups. However, it is quite evident that the 
leucocytes are in abdtmdance in amall fishes, and the 
number gradually decreases as the weight of the fish 
increases. 
A normal curve is obtained for the mean cell volume 
(MCV) when arranged according to increasing weight, although 
a minor irregularity in the pattern is noticed, which 
appears to be due to small size of the sample (Baily, 196L). 
Hhe mean cell volume in males are lower than females of 
all weight groups (Table 6). The mean cell haemoglobin 
(MCH) is found to be constant up to 640.0 gm., while in 
fishes of higher weights, the values are slightly low. 
There is not well defined pattern of mean cell haemoglobin 
distribution in two sexes, but a generalization can be 
made that mean cell haemoglobin is higher in males of 
small and large weight fishes (Table 6). The mean cell 
haemoglobin concentration (MCB3) in small weight fishes 
(76 - 399 gm.) are higher than those of large weight 
fishes. The males have higher ICHC than the females in 
almost all weight groups (Table 6). 
The coefficient of correlation between PCV and RBC 
is mostly significant at 10% level in almost all weight 
groups. But in smaller weight (176 * 249 gm.) a complete 
correlation (r = 0.9783 P>0.001) and at 2% level 
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(r = 0.8133 P > 0.02) in 176 - 249 and 325 - 399 gm. 
weight groups respectively, is found. The coefficient 
of correlation between PC¥ and Hb is significant at 
level (r = 0.7677 P = 0.01) in 660 - 624 gm. weight 
group and at 2% level (r « 0.6993 P >0.02) and , 
(r = 0.6272 P > 0.02) in 476 • 649 gm. and 700 • above 
weight groups respectively. But relationship between 
Hb and RBC is complete in 660 - 624 gm* weight group 
(r = 0.8866 P > 0.001). In smaller weight fishes the 
relationship between Hb and IffiC is only significant at 
lOj^  level, although the haemoglobin content increases 
along with increase in RBC counts. 
SEASONAL VMIATIOM, IH HASMATOLOGICAL CONSTITUENTS 
A number of workers have emphasized the influence 
of climatic changes on the blood constituents of the fishes 
(Kawamoto, 1929, Yokoyama, 1947, Veldre, 1969, Preston, 
1960, Elliot et al., 1966). However, no such work has 
been done, on the freshwater fishes in India. There 
are three well marked seasons in north India with two 
transitory periods. The monsoon season, extending from 
July to September, is humid with heavy rain fall. The 
winter season, which extend from December to February, is 
very cold. The sunmer season of May and June is very hot. 
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The first transitory period of October and November 
months has moderate climate. The second transitory 
period extends from March to April and is the beginning 
of the summer season* A detailed account of various 
north Indian seasons with its characteristics is given 
by iChan (1967). 
The data on haematologlcal constituents in 
relation to seasons are given In Table 7 and Figure 7a, 
7b and 7c). 
The maximum value of packed cell volume is found 
in monsoon months (range, 31 - 44Jg, mean 38.05 + 0.8967). 
A fall of 5.2^ in the packed cell volume is noticed in 
winter (Table 7). In summer the packed cell volume is 
higher than that of the winter fishes, but is lower than 
that found in monsoon fishes. The packed cell volume in 
two transitory periods are 39.77 + 0.9364 and 33.04 + 
0.9671 respectively (Table 7). 
The maximum level of haemoglobin is obtained In 
summer and monsoon seasons (Table 7, Figure 7b), vdiile 
a minimum of 8.572 * 0.2298 gm./lOO ml. of the blood is 
found in winter (Table 7). 
No significant variation in erythrocyte count is 
noticed in various seasons of the year, however, the 
erythrocyte count in summer Is higher and minimum in the 
monsoon (Table 7, Figure 7e). Except in summer, the 
Figure 7» Seasonal variation In haematologlcal 
constituents of Clrrhina mrlgala. 
(a) Packed cell volume 
(b) Haemoglobin content 
(c) Erythrocyte counts 
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INTRQDtJCTIOH 
ftorphological and physiological characteristics 
of fish blood may help In understanding the problem of 
adoptatlon In fishes (Lleb ^  1963) and blood picture 
of fishes may be taken as one of the Indices of their 
well being. SuitSib'llty of the environment and adoptatlon 
of the poikllothermous animals cotild also be discerned 
by studying the physiological characters of the blood. 
Blood picture of the major carps from different 
envirohments should also throw some light whether the 
fishes have satisfactorily adjusted themselves In confined 
waters or not and the inhibition of spawning in confined 
waters may be due to the lack of complete adjustment* 
Besides, the normal blood picture of Indian fishes in 
general and carps In particular is not known. Except 
the publication of Qayyum and Naseem (1967) no other 
account is available on the haematology of carps. From 
these viewpoints, a complete haematological study of 
Rohu Labeo rohlta (Ham.), one of the major carps popularly 
stocked In ponds, has been undertaken. The present study 
* 
gives an account of erythrocyte and leucocyte counts, 
haeraatocrlt value, haemoglobin content, erythrocyte 
sedimentation rate, dimensions of the cells and nuclei 
and clotting time of Rohu. m. attempt has also been made 
a 
to staidy the haetnatology of this fish In relation to 
sex, length, weight, state of maturity and seasons. 
The Influence of these factors or* the haematological 
constituents has already been emphasized by many workers 
(Kawamoto, 1929, Brown, 1957, Preston, 1960, Pradhan, 
1961, Prosser and Brown, 1962, Beamish and Mookerji, 
1964 and McKnlght, 1966). 
RESULTS M P DISCUSSION 
The blood values of Labeo rohlta are given in 
Table 1. The packed cell volume ranges from 26 to 50^ 
and the mean is 34.76 + 1.7544^, with s mean individual 
'variation of 72^. The packed cell volume in males are 
much higher than females (Table 1). 
The packed cell volume In Rohu is comparable to 
Carassius auratus at 6 - 6° C. (36^) and at 26 - SOOQ. 
(34.7^ , Anthony, 1961). Higher values of packed cell 
volume has been reported in Merluccius merluccius 
(Conroy and Rodriguez, 1966)^ Mabas testudineus (Banerjee, 
1966), ProsoPlum Williamsoni (McKnlght, 1966) and 
Cirrhiyia mrleala (Qeyyum and Naseem, 1967). While Pradhan 
(1961) has given a range of 28 - 44^ for TilaPia and 
30 - 70JS for Qphicephalus. On the other hand, low values 
of haematocrit have been reported In several other species 
(Hall ^ , 1926, Field ^ al., 1943, Haws and 
Goodnight, 1962, Sano, 1962b and Flanker & Houston, 19S6). 
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High values In males have been reported in 
Heteroisneiistes fdgg^ls ^  Afiabfig testadlneus (Banerjee, 
1967 and 1966), Prosopium wllllajasonl (McKnight, 1966), 
Clrrhlna mrleala (Qayyum and Kaseem, 1967). 
In the present study packed cell volume shows 
high individual variation (72^). Preston (I960) reported 
a variation of 49% in blood of ELeuronectes plateasa* 
Field et al* (1943) found mean individual variation of 
61^ for the blood of Cvprinus earpt<? and 60J? for 
Salvelinus fontinalis blood* Young (1949) reported a 
range of 16 to 67% tot the blood of carps. McKnight's 
(1966) data shows a mean percentage variation of £4.6^. 
\ * 
Similar variation has also been reported in Tilapia 
(Pradhan, 1961). 
The mean haemoglobin content is 9.005 + 0.3797 gm*/ 
100 ml. of the blood, with a range of 6.26 - 11.31 gm./ 
lOOml, of blood and the mean individual variation Is 
66^ (Table 1). Although the difference in males and 
females is not very significant, the mean haemoglobin 
content in males is (9.162 + 0.3452 gm.) and in females 
(8,858 + 0.3942 gm./lOO ml. of the blood). 
The haemoglobin content in Rohu is slightly 
lower than Mrigal (Qayyum and Naseem, 1967 and see 
Chapter II, Table 1). The percentage variation for 
male, is 46.6^ and for females 48.0^. 
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Pradhan (1961) found a wide range of haemoglobin 
level for small size QphiceiahaliiSf but tfte range of 
haemoglobin level Is small In Megalop^ and 
fiaceobyancftu^ . In Mabas testudineus the haemoglobin 
content for male is 19.80 gm«, while for female it is 
18.07 gm./lOO ral. of the blood (Banerjee, 1966). Higher 
haemoglobin content is also reported in Cvprims carpio 
(10.6^ gm.) than Salvelinus fontinelis (8.6 gm./lOO ml. 
of blood 4 Field ^  1943). In Carassius aurattiSy 
the haemoglobin content is higher than Kohu (ilnthony, 
1961, Flanker and Houston, 1966). In Punctatus the 
level of haemoglobin is 8.0 gm./lOO ml. (Dhar, 1948), 
lower than Rohu. Low value of haemoglobin is also 
reported In Broovertia tyrannu^ (Hall et al./, 1926), 
Ictaluru^ nebolosus and Ictalurus uunctatus (Haws and 
Goodnight, 1962) and Merlucciu^ merluoclus (Conroy and 
Rodriguez, 1966) and in several other species of marine 
fishes (Kischi, 1949a, 1949b and 1961). 
The erythrocyte counts range from 1.66 - 2.99 
millions/mnP, with a mean of 2,293,691 + 78,600/mm3, 
Again the erythrocyte counts in males are higher 
(2,336,888 + 99,300 / mm?) than in females (2,260,294 + 
67,630 / mm3). 
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The number of red blood cells In the blood of 
Rohu is th.& same as found In Mrigal (See Chapter II, 
Table 1), although the mean pereentag© variation in 
Rohu m . m is slightly higher than Mrigal (63.0^). 
^ C,ayassius auratus different erythrocyte 
counts have been reported by*different authors. 
Watson et al. (1963) reported a total RBC count of •MB' 
2,025,000 + 118,671 / mn^. t^ Jhile Flanker and Houston 
(1966) found 2.12 mlllions/miiE^ . Anthony (1961) noticed 
2.0 millions/mm^ and Sapoor (1961), Baker and Kline 
(1932) and Anthony (1961) at 26-300 c found a very low 
erythrocyte counts for Carassiu^ auratus. Watson ^ 
(1963) attributed the variation in erythrocyte counts 
for Carasaiua auya.tus^  to different population stocks» 
while Anthony (1961) and Sapoor (1951) have demonstrated 
experimentally that the difference in counts is due to 
thermal conditions of different environments. 
Higher erythrocytic concentration in males have 
been attributed to higher activity and higher metabolic 
rate (Hall, 1928) and Dawson (1933). While Slicher 
(1961) reported that ishe sex harmones control the 
erythrocytic concentration in the blood. Higher counts 
in males of Anabas testudineu_^  are also reported than 
females (Banerje©! 1966). While in Perca flavesc^nsT 
the two sexes showed no difference in erythrocyte counts 
(Yokoyama, 1947). 
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The leucocyte concentration In Rohu ranges from 
3,800 - 10,000 / maiP, with a mean of 6,265 * 670,36 / mmS. 
The differences in leucocyte counts for males and females 
are not very apparent (Table 1) though the individual 
varif^ tion in female is higher. 
The leucocyte counts of L. rohita are much lower i 
than that found in Opiiicephalug punctatus (Dhar, 1948), 
Hst^romeu^te^ fossilis (Banerjee, 1967). In mripa.la. 
the leucocyte counts are slightly higher than Rohu 
(Oayyum and Naseem, 1967). tokoyaiaa (1947) reported 
ffluch higher counts in several freshwater fishes. A 
very low count is reported in Cyprinus carpio (3,675 / mn^) 
^ ^ Salvelinus fofitin^ lis (Field ^  ^.,1943). A slightly 
lower count is also reported In ProsoPium yi;illamsoni 
(McKnight, 1966). 
t 
Erythrocyte sedimentation rate in Rohu ranges 
from 0.6 • 4.6 miri/hour, with a mean of 2.65 + 0.0271 ram / 
hour. The males are found to have higher ESB than 
females (Table 1). Low ESR la reported in P. williamsoni 
(McKnight, 1966). 
The clotting time in Rohu ranges from 26.0*42.6 
seconds, with a mean of 34.4 + i«72 seconds. Clotting 
time in males (36.6 jt 2.82 Sec.) is higher than females 
(31.0 + 2.06 Sec.). 
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^ Catastomug commersonl suckleyl. th© clotting 
time ranges between 2 - 4 seconds. Short clotting time 
is also reported in Heteromeustes fossllis and 
Mflba^ testtidineus (Banerjee, 1967 and 1966). In 
ProsoPlum yllllamsonl a nmeh higher coagulation time 
has been reported (McKnight, 1966). The clotting time 
in a closely related species Clrrhina mri^ala Is also 
found to be higher than that found in Rohu (Qayyum and 
Naseem, 1967). 
Mean cell volume (M3V) in Rohu Is 165.22 
Mean cell volume In females is higher than males, the 
values of M3V for males and females are 163.10^ and 
157.34 respectively. While mean cell haemoglobin 
and mean cell haemoglobin concentration do not show any 
variation in two sexes (Table 2). The mean cell 
haemoglobin and mesaa cell haemoglobin concentration in 
Rohu is 39.66^ gm, and 26.67^ respectively. 
PCV, Hb and RBC are found to be related 
significantly. PCV and Hb, PCV and RBG are found to 
be related statistically at 1% level (r = 0.3066 P> 0.01 
and r = 0,3486 P >0.01) respectively. Ufhile Hb and 
RBC at 6^ level (r =: 0.2446 P > 0.05). Different values 
in females are more closely related than In males. 
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BLOOD VALUES OF ROmJ AT VARIOUS LENGTH GROPPS 
The fishes have been arranged at a sl«e interval 
of 6,0 ciB« and in this way 8 groups of fishes are formed. 
As can be seen from the Table 3 the mean packed 
cell volume Is 33.00 + 0.9375^ in the fishes of smallest 
size group. A slight decrease is noticed in the next 
higher length group. Afterwards the packed cell volume 
increases up to 44.6 cm. length and remains almost 
stable up to the largest length group. However, it can 
be inferred from the data that the haematocrit value 
increases with the size of the fish (Table S). 
The values of packed cell volume in higher length 
groups, are higher in males than in females, while in 
small size fishes the values in females are high 
(Table 3). 
It is quite evident from the Table 3 and Figure 
that haemoglobin content is quite high in smaller length 
groups (range of the mean 8.345 - 9.284 gm./lOO ml. of 
blood), and remains almost static up to 30.0*34.5 cm. 
length group. The haemoglobin content falls down in 
the next length group and then goes on increasing with 
the length of the fish, attaining the maximum value of 
10.16 + 0.3996 gm./lOO ml. of the blood, for 65*0-69»6 em. 
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length group fishes (TaWe 3)« The mlnlnaim level of 
haemogloMn is noticed in medium slm fishes (S6•0-39*6 cm. 
« 
ieng-to group) I with a mean of 7.864 + 0,2033 gm. per 100 ml, 
of blood. The level of haemoglobin in males are higher 
in almost all length groups of Rohu (Table 3 end Figure 2). 
Red blood counts for different length groups 
show the same pattern as noted for haemetocrit value 
(Table 3 and Figure 3)• The fishes of smallest size 
group show comparatively a high erythrocyte count-which 
slightly decreases in 25.0 * 29.6 cm. length group, end 
then Increases regularly with the length of the fish 
(Table 3). High red blood counts obtained for 
40.0 - 44.6 era. length group is difficult to be explained 
and it may be due to some sampling error. 
As found in packed cell volume, the erythrocyte 
counts in small size fishes are high in females (Table 3). 
But in fishes of 40.0 - 44.6 cm. ler^th group and onward 
the counts in males are higher than In females (Table 3). 
Like erythrocyte counts, leucocyte counts are 
also high for smallest size group fishes (Table 3). 
Then a decrease in leucocyte count is noticed in the 
next higher length group. The leucocyte counts in fishes 
of 36.0 - 39.6 cm. length group and onward generally 
increase with the size of the fish (Table 3). 
Figure 1. Variation In packed cell volume 
rohlta at different lengths. 
Figure 2. Variation In haemoglobin content 
of Labeo rohita at different lengths. 
Figure 3. Variation in red blood cell counts 
of Labeo rohita at different lengths. 
I 
I 
Male 
Female 
ffel© (& Female combined. 
20 0 S ZS 0 29 5 30 0 S J)S 0 S sQ 0 n^ f ? 0 So 0 ? 55 0 59 S 
L E N G T H O F L A B E O R O H l T A 
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The leucocyte count In males Is high In smallest 
size fishes (20.0 - 24.5 cm. length group), as shown in 
Tahle 3. 
Banerjee (1966) did not find any relationship 
between the blood constituents and size of testudineus. 
Kawamoto (1929) also reported Insignificant changes in 
blood constituents with the size of .fingullla .laponica. 
McKnight (1966) reported an increase in blood constituents 
wil^ increase in length of ProsoPlum will^amsonl. The 
pattern of distribution of haemoglobin in various length 
groups of Rohu is in agreement vjith the findings of 
Pradhan (1961). Same pattern of haemoglobin distribution 
is also reported by latts ^  (1958) for beaver, 
Castor Candansis. Handricks (1952) working on 
erythrocyte counts at different altitude also did not 
find any correlation between body size and erythrocyte 
count in Catastonnis commersoni suckleyi. 
A normal curve for mean cell volume (MS?) and 
length of the fish is obtained. The value Increases 
with Increase in length, reaching a maximum of 
1 6 9 . 4 6 i n 40.0, - 44.6 cm. length group (Table 4). 
Afterwards a gradual fall in MCV Is noticed (Table 4). 
The mean cell value in females are higher than in males 
in 20.0 - 44.6 cm. length group, while in later groups 
m 
the values in males are higher (Table 4). 
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The mean cell haemoglobin (MGH) In small size 
fishes is higher than in larger size fishes (Table 4)» 
After 44.e cm. the fCH is taore or less constant. The 
males in small size fishes are found to have higher 
MCH, while in larger fishes the difference in MDH 
content in between the two sexes is not very mch 
apparent (Table 4). 
The mean cell haemoglobin concentration (MCIiS) 
is high in small size fishes (30.0-34.6 cm. length 
group), falls down In medium sijse fishes (Table 4), 
and again high values are found in large slsse fishes. 
The tasles are found to have higher MDW than females 
in fishes of all size groups (Table 4). 
Jinthony (1961) has reported an Increase in iCV 
with increase in length for Pike and Goldfish, \.^ ile 
MCH for Pike decreases with increase in length. 
High value of fCH in small size fishes is due 
to the fact that small fishes are more active and have 
high oxygen capacity, while in larger size fishes tiie 
metabolic activity goes down and hence the cell 
introduced at this length contain less haemoglobin in 
the cells, with small MDV. 
PCV and Hb correlations are significant at 5JS 
level In 30.0 - 34.S cm. length group (r = 0.7170 P>0.06) 
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and 40.0 - 49.6 cm. length groups (r = 0.464,6 P = 0.06 
and r = 0.6094 P > 0.05 respectively). Vihil© in small 
size flsiies (26.0 - 2S.6 cm. .length) the relationship 
Is significant at 10% level (r = 0.6231 P = 0.1). 
Significant relationship between PCV and BBC is found 
in 26.0 - 29.6 cm. length group at 10^ level 
(r 0.4487 P = 0.1) and at 1% level in 45.0 « 49.6 cm. 
group (r = 0.6923 P > 0.01). Hb and RBC shows a 
significant correlation at level in 26.0 ~ 29.6 cm. 
and 46.0 - 49.6 em. length groups (r = 0.6966 P > 0.06 
and r = 0.6036 P> 0.06 respectively). But in 60.0-54.5 cm. 
the relationship is significant at 2% level (r = 0.8084 
P > 0.02). 
Large size males of Rohu sho-w more close relation-
ship between PC? and Hb, PCV and BBC and Hb and RBC, 
than smaller males and females. A complete correlation 
is found in 60.0 - 64.6 cm, length group in all the 
three constituents (r = 0.9980 P> 0.001, r « 0.9901 
P s: 0.001 and r a 0.9904 P « O.OOl respectively). Ihese 
three constituents are again significantly correlated 
at 6% level in 46.0 » 49.5 cm. length group. In females 
a complete significant relationship between PC? and Hb 
is found in smallest size fishes (r « 0.9980 P > 0.001) 
while the relationship between these two constituents 
become weak as the length of the.fish increases, to 2% 
level in 30.0 - 34.6 cm. length (r = 0.9048 P> 0.02) 
and at 10^ level In 35.0 - 39.5 cm. length and 45.0-49.5 cm-
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leiigth groups (r a 0.8482 P> 0.1 and t = 0.6769 P>0,1 
respectively). The relationship between PCV and RBG. Is 
significant at 10^ level In 30.0*34.6 cm. (ra 0.?662 
P > 0.1) end at 6% level in 36.0*39.6 cm. and 60.0-64.6 cm. 
length groups (r = 0.9173 P > 0.06 and r= 0.886 P>0.0S 
respectively)* 
BLOOD VALUES OF LABEO ROHIT^ A OF DIFFERENT WEIGHT GROUPS 
All fishes have been arranged in 11 groups, each 
at an interval of 100 ga. Saetnatological values for 
two sexes have also been detgrmlned to find out sex 
differences in various weight groups. 
Changes in packed cell volume with the weight of 
the fish is given in Table 6 and represented in Figure 4. 
The variation in packed cell volume with increase 
in weight follows the same pattern as noted for flpigal 
(See Chapter II, Table 6). Fishes of smaller weights 
do not show much variation with increase in weight. 
The packed cell volume more or less remains stable up 
to 299.6 gra. and then a sudden rise in packed cell volume 
is noticed after 2-99.6 gm. weight, and gradually 
increases up to 800.0 - 899.6 gm. weight group (Table 6 
and Figure 4). lii fishes weighing 1000 gm. and above, 
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the value falls down by Maximum packed cell volume 
is obtained in fishes of SOO.O - 399»5 gm» weight group, 
where the range is 32.5 - 46.^ and the mean value is 
37*22 + 0.9672^ with a percentage variation of 41.6^. 
The minimum value of packed cell volume (31.32 + 0.8664) 
is found in 100,0 - 199.6 gm* weight group. 
The males show lower value of packed cell volume 
up to the weight group of 200 - 299.6 gra. and again in 
700 - 899.6 gm. weight groups. While in other groups 
the males are found to have higher values than females 
(Table 6 and Figure 4). The maximum value of packed 
cell volume in male is found in 300 - 399.6 gm. weight 
groups fishes, i^ e^re the values range from 32.0'-46.0S^  
(mean, 37.86 + 1.6063^), with a mean percentage variation 
of 44.0JS. In females the maximura and minimum values 
are 37.40 + 1.8889 and 31.60 + 1.34625? in weight groups 
of 300 « 399.6 and 100 - 199.6 gm. respectively. 
As mentioned earlier the packed cell volume is 
stable and low in fishes of 0 - 299.6 gra. weight groups. 
A stable packed cell volume, after 120 gm. weight has 
been also reported in Pleuronectes platas^ fi though a 
slight fall was noticed in the largest weight fishes 
(Preston, 1960). An Increase in packed cell volume by 
49^ of Plaice with increase in weight up to 120 gm. 
was also reported by Preston (I960). McKhight (1966) 
found a decline in packed cell volume in largest weight 
Figure 4, Packed cell volume of L&heo rohlta 
at different weight groups. 
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Male & Female combined 
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Figure 5. Haemoglobin content of Labeo rohlta 
at different weight groups. 
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Prosopltim yilliam^onl, On the other hand Young (1949) 
found no correlation between packed cell volume and 
weight of the fish. 
Although the results of haemoglobin as presented 
in Table & does not offer a very clear picture of the 
events, yet It can be observed that the levels of 
haemoglobin are higher In small weight fishes and 
remains stable up to the weight group of 200«»299.5 gm., 
where the mean values range from 9.064 to 9.850 gm./ 
100 ml. of the blood (Table 6, Figure 6). In fishes 
of 300 « 399.6 gm. weight group the level of 
haemoglobin falls down from 9.268 + 0.4688 to 8.874 + 
0.3471 gm./lOO ml. The values are again found to be 
stable in fishes of 400 to 899.6 gm. weight, although 
an increase in haemoglobin content may be noticed in 
fishes of 600 - 699.5 gro. weightlFigure 6). The level 
of haemoglobin again increases in fishes of heavier 
weights (Table 6 and Figure 6). 
There Is no definite pattern of haemoglobin 
distribution in males and females. However, in smaller 
and higher weight group fishes, the level of haemoglobin 
is higher in males than in females (Table 6). 
Hendricks (1952) In Catostomus commeysoni sucklevi 
showed that haemoglobin level increases with the increase 
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In weight, although a low value of haemoglobin has 
been found In medium weight fishes, which is a common 
phenomenon in higher vertebrates also (Kitts gt 
1968). Similar results in relation to haemoglobin 
content are reported in Tllapia and Ot)h;icephalus 
(Pradhan, 1961). In Mabas testudineus no relationship 
is found in haemoglobin content and weight of the fish 
(Banerjee, 1966). In jtei^ uilla ,1aPonica the difference 
in haematological constituents arising from different 
weights of the body of the fish is insignificant 
(Kawamoto, 1929). In Cyprims carplo an increase in 
level of haemoglobin is found from hatching to the 
4th season of the life ('Dombrowski, 19S3). 
It can be inferred from the data given in 
Table 5 and represented in Figure 6 that the erythrocyte 
count is generally low in fishes of smaller weights 
and high in fishes ranging from 300 « 899.6 gm. weight 
groups. The maximum erythrocytic concentration is 
found in 600 - 699.6 gm. weight group, where the count 
ranges from 2.08 - 2.78 millions/mm^, with a mean 
of 2.463 + 0.0418 millions/mm®. The minimum count is 
obtained in 100 - 199.6 gm. weight group (Table 6 and 
Figure 6). 
No systematic pattern is obtained in the 
erythrocyte counts of two sexes belonging to different 
weight groups (Table 6 and Figure 6). 
Figure 6. Erythrocyte counts of Labeo roh|.ta, 
at different weight groups. 
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A decrease in leucocyte count is noted with 
increase in weight of t^e fish only up to 300-399.6 gm. 
weight group* After this weight group there is a 
sudden rise in leucocyte counts^ (Table 6). The values 
remain almost stable up to 899»6 gm. weight, again an 
increment in leucocyte count takes place- in fishes 
weighing more than 1000 gm. (Table 6). 
In all groups based upon the weight, the females 
are found to have higher counts than females (Table 6). 
^ ^ Z H S B B S Q^^P^O an increase of is noticed 
in RBC counts from hatching to the 4th season of the 
life of the fish (Dombrowski, 1958). 
There is no consistent relationship between body 
weight of the fish and mean cell volume (MCV). The 
fishes up to 0 - 599»6 gm. weight show higher T€V than 
the large weight fishes (Table ©)# The maximum MGV is 
obtained in the fishes of SCO - 399.6 gm. weight group 
(164.67^®). The minimum is obtained in 900 - 999.£ gm. 
weight group, with a mean of 138.20^3. The MCV in 
females are greater than males (Table 6). 
The mean cell haemoglobin (M2H) and mean cell 
haemoglobin concentration (MCHC) follow the same pattern, 
as noted for haemoglobin level in various weight groups 
Id* yohlta. JCH and MSHG fire found to be higher in 
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small weight fishes (Table 6). 
The packed cell volume is stable and low in 
0 • 2S9.6 gm. weight group, which may be due to low 
erythrocyte counts and low MCV (Table 6 and 6). In 
300 - 599,6 gm. weight groups the packed cell volume 
show increament over the previous weight groups and 
remains stable in higher weight fishes. The number 
of erythrocyte and high fC? are most probably 
responsible for increase in PCV. However, fishes 
weighing from 700 to 1000 gm. and above , the PC? is 
lower then fishes of medium weight groups but higher 
than smaller weight fishes. In these groups a very 
low m i is found (Table 6). 
In larger weight fishes, the erythrocyte which 
are Introduced in circulating fluid, are found to have 
low haemoglobin content, as indicated by low I'd! and 
MCHC, while the cells in smaller fishes are having 
high MCH and MCHC, most probably due to high metabolic 
activity of the fish. 
In Rohu, the packed cell volume and erythrocyte 
increase simultaneously with increase in body weight, 
although the relationship between these two constituents 
is not very significant, particularly in large weight 
fishes. The correlation between PCV and RBC is 
statistically significant at level, level and 
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2% iB^el in 0 - 399,6 gni. weight groups (r « 0.9839 P^O.Ol, 
r » 0*a081 P « O.OS, r « 0.6074 P> 0.05 and r s 0,?662 
P = 0,02 respectively). While the relrtlonship between 
Hb and RBC is only found to be statistically significant 
in 700 - 799.6 gm. weight (r « 0.6460 P< 0.1) and at 1$ 
level in 900 « 999.6 gm. weight group (r = 0.9147 P> 0.01). 
PClf and Hb also show a weak relationship at level in 
100 - 199.6 gm. weight group (r « 0.4494 P > 0.1) and in 
400 * 499.6 gBi. weight group (r « 0.6018 P s 0.1). 
The PC? and Hb show more significant relationship 
in smaller weight males and females than larger weight 
fishes of both the sexes. The relationship between PCV 
and RBC is more close in males of larger weight and is 
significant at 2% level in 700 - 799.6 gm. weight group 
(r s 0.8668 P >0.02), at 1% level in 800 - 899.6 gm. 
weight group (r a 0.9740 P > O.Ol) and a complete relattion-
ship in 900 - 999.6 gm. weight group (r = 0.9910 P > 0.001). 
But in females the relationship between PCV and RBC is 
significant at 10% level in 100 - 299.6 gm. weight groups 
(r = 0.6221 P = 0.1 and r s 0.7966 P = 0.1 respectively), 
at level in 400 - 499.6 gm. weight group (r= 0.9849 
P > 0.01) and at 2% level in £00 . 699.6 gm. weight group 
(r = 0.9346 P > 0.02). The coefficient of correlation 
between Hb and RBC is significant in smaller and larger 
weight fishes. In males a complete correlation is found 
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In 200 - 299.6 gm. weight group <r = 0*9967 P > 0.001), 
at 10^ level In 300 - 399.6 gm. weight group (r = 0.4684 
P = 0»1) end at 2% level In 900 - 999.6 gm. weight group 
(0.9891 P> 0.02)* In females the relationship Is 
significant at lOJ^  level in 100 - 199.5 and 800 - 899.6 gm. 
weight groups Cr = 0^6189 P s 0.1 ana r = 0.8170 P 0.1 
respectively. 
Haws ana Goodnight (1962) found a good eorrelation 
at 1$ level between PC? and RBC with increasing weight of 
the fishes. 
BLOOD VALUES OF h m m ROHITjt IN DIFFEREHT SEASONS OF THE YEAR 
©le data of the various haematologlcal constituents, 
in relation to the various seasons of the year, has heen 
given in Table 7 and represented In Figure 7a. 
The maximum value of packed cell volume is obtained 
in monsoon (range, 33.0 - 43.5 mean 39.26 jt 1.4376^, with 
27Jt mean variation). A very low value of packed cell volume 
is noticed In winter season, the average value being 34.06 + 
1.3081Jg, with a large mean Individual variation (76.6^). In 
stammer the values again increase with very low mean 
individual variation (16.7^, Table 7). 
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The packed cell volaime is high in males than 
females in all the seasons of the year (Table 7 and 
Figure 7a). 
The maximum haemoglobin level Is found in summer, 
when the haemoglobin content ranges from 7.96 - 10.73 gm./ 
100 nil., with a mean of 9.787 ^  0.4914 gm./lOO ml. of 
blood, and the minimum haemoglobin is found in winter 
(range, 6.66 • 11.31 gm./lOO ml., mean 8.082 j: 0.2194 gm./ 
100 ml. of the blood). Th© mean percentage variation in 
winter is large (67.7J^ )» 
Except In winter, where the haemoglobin level in 
female Is higher, the haemoglobin content in males are 
higher than In females (Table 7 and Figure 7b). 
The erythrocytic concentrations follow the same 
pattern of changes as noted for packed cell volume in 
various seasons (Table 7 and Figure 7c). The maximum 
value being obtained in monsson (range, 2.35 - 2.77 millions/ 
mm^, mean, 2.647 + 0.0678 mllllons/mi^) and the minimum in 
winter (range, 1.68 • 2.74 millions/mm®, mean, 2.196 + 
0.0233 millions/ram^J with 42.8^ mean individual variation). 
The males are generally found to have higher 
erythrocyte counts than the females (Table 7 and Figure 7c). 
The leucocyte count was higher durlr^ winter (range, 
3800 - 9600, mean, 7339 + 479.98 / mn^) than in .summer 
Figtare 7. Seasonal variation in haematological 
constituents of Lfibeo rohita* 
(a) Packed cell volume 
(b) Haemoglobin content 
(c) Erythrocyte counts 
Male 
I 
h 
Female 
Male & Fesnale combined 
1 T R A N S P E P I O D H trans PERtOD 
SEASONS 
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(range, S800 •• 6400| mean 4,8SS 369.46 per mn^). 
The number of leucocyte is generally higher in 
females In winter and 2nd transitory period, while in 
stimraer the counts are found in equal numbers in both the 
sexes (Table 7). 
The lowest mean cell volume is obtain in second 
transitory period of the year ( 1 4 3 . 2 6 , while maximum 
WV is obtained in first transitory period (161.?Syu®). 
In summer MCV is lover (149.80than monsoon 
(164,67^^) and winter (lSi.07 There is not much 
variation in WV between two sexes, except in summer, 
when in females (153*31 ig higher than males 
(146.28 » Mean cell haemoglobin content (MCH) 
increases from monsoon (34.49^ ^  gm.) to summer 
(40.77^^ gm.) through winter (37.20^^ gm.). The 
MCH in second transitory period (41.39^p. gm.) Is 
higher than first transitory period (38.65^p gm.). 
The MCH in monsoon and 1st transitory period is higher 
in males, while in other seasons MCH in females is higher 
(Table 8). Although not much Variation is found in mean 
cell haemoglobin concentration (MDIIG) from monsoon to 
winter, yet in 2nd transitory and summer MCHC is much 
high (Table 8). like MCH increases from monsoon 
(22.465?) to summer (27.26^) through winter (23.93^). In 
all the three seasons J^C^iC in males are lower than females. 
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while In both the transitory periods it Is higher In 
males (TablG 8)« 
As mentioned In Chapter II high packed cell 
voltime and erythrocyte cotints during monsoon are perhaps 
due to active feeding of the fishes and secondly due to 
resorption of gonads, as th® fishes do not spawn in 
confined moat water and, therefore, the fishes are-not 
found in an exhausted condition. Higher values In monsoon 
may also be due to sudden fall in dissolve oxygen 
concentration (see Chapter VI). High fCV may also be 
responsible for high PC? (Table 8). 
A gradual decline of packed cell volume and 
erythrocyte from monsoon to 2nd transitory period, show 
the process of haemodllution occurs. But from 2nd transitory 
period to summer a sudden rise in the blood constituents 
shows that blood is getting concentrated. Haemodllution, 
from monsoon to winter is, perhaps, due to decrease in 
feeding intensity and also due to low temperature, while 
haemoconcentration of blood is in response to a gradual 
Increase in water temperature. 
Similar results have been reported by Mussacchla 
and Sievers (1956) for turtle, and it was concluded that 
the temperature plays an important role in altering the 
blood concentration. Preston (1960) reported that a 
process of a haQmoconcentratlon occurs throughout the 
73 
late spring and summer In Pleuroneetes Platassa and that 
this is followed by haemodilutlon in the late summeT and 
autumn. Schaefer (1926) showed in pumpkin seed fish, that 
the fishes exhibited haeraodilution during the late autumn 
and winter and concentration during sprii:^  although the 
fishes had been kept without food, during the whole period 
of investigation. 
During winter low"haematologleal constituents have 
been also reported in Prosopium williamsoni (McKnight, 
1966), Pleuronectes platassa (Preston, 1960), g. melanostlctus 
(Baner;}ee, 1966), jinguilla japonica (Kawamoto, 1929)« Most 
of these workers have attributed the low value of blood 
during winter, to low temperature of water and lack of 
» 
available food. On the other hand Yokoyaraa (1947) reported 
low blood counts In summer than winter. Slicher (1961) 
also mentioned that both erythrocyte and haemoglobin content 
in males decrease from summer to winter by 22.6^ and 
respectively. While females showed that erythrocyte and 
haemoglobin Increase from suasner to winter by 8.3JC and 
9.0^ respectively In yundulus heteroclitus. He did not 
give any reason for the reverse trend in haematological 
constituents in two sexes of the same species. Sapoor 
(1951) and Katz (1949) belelved that the drop in number 
of erythrocyte counts during winter is due to low environ-
mental temperature and other physical factors e.g. hydrogen 
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ion concentration of wate^. 
fhe present study reveals that the males remain 
more active throughout the year except in winter, when 
all the values of blood are found to "be lower in males 
than females. A slight decrease in packed cell volume 
during 2nd transitory period in males, though erythrocyte 
count is higher, is due to low value of 
The red blood corpuscles which are released during 
2nd transitory period and summer are found to have high 
haemoglobin ia the cells as indicated by high >1CH and 
SCH3, although MCV is not very large. High haemoglobin 
in individual cells during these periods is perhaps, due 
to low dissolve oxygen concentration, hence greater amount 
of respiratory pigment is required for maintaining high 
metabolic activity of the fish. Low MCH and M3HC, during 
winter and monsoon, with large BCV shows that the 
saturation of haemoglobin is incomplete. Scholander 
(1967) observed low haemoglobin content in cold water 
fishes than warm water dwellers. Rund (1964) showed 
that low temperature favours a low metabolic rate and 
would enable plasma and water to hold more oxygen. These 
two factors are essential for "evolution of fish without 
haemoglobin". 
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HJIEMATOLOGICAL g,TORIES pF LJIBEQ RQHITA I H RELIT lOH fO 
It Is well known fact that the haematologlcal 
eonstituents of fishes vary considerably from species to 
species* The difference in blood values of different 
species may be due to different ecological and physiologi-
cal conditions of the fish. Mfiny workers have attributed 
the difference in the blood constituents of the same 
species to such factors as sexual development, time of 
spawning, age, season and food and feeding habits 
(Pradhan, 1961, Flanker and Houston, 1966 and McKnight, 
1966). 
The gonad condition of the fish is assessed by 
following the arbitrary scheme of Qayyuai and Qasim (1964) 
followed for Ophicephalus pianctatus* 
The haematologlcal constituents of fishes in 
different maturity stages are given In Table 9» 
The mitdmam packed cell volume is obtained in 
immature fish (1st stage), where it ranges from 26*0^ to 
39.0J5 and the average value Is S0»43 + O.OISIJ^ , with 
large mean individual variation (46*0^). The packed cell 
volume increases along with the developing gonads, reaching 
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Its maximum In ripe fishes (4th stage)(range 34.0^ to 
39.0??, mean 36.93 + 0.9629Jg). 
In both sexes the maximum value of packed cell 
volume is obtained In the fishes containing ripe gonads 
(4th stage), as sho\m In Table 9* 
The variation In haemoglobin content Is more or 
less same as that of packed cell volume except in 2nd stage 
vhen the level of haemoglobin falls do\Bi by (Table 9). 
The maximum level of haemoglobin Is obtained In ripe 
fishes. The values range from 8.2 • 10.6 gm./lOO ml. of 
the blood and the mean individual variation is 24.2^ 
(Table 9). 
In all stages of gonad maturation, the haemoglobin 
contents In males are higher than in females, although the 
difference In haemoglobin content, In between the two sexes 
is not very apparent (Table 9). 
Erythrocyte counts gradually increase from 
immature to ripe fishes, the minimum value belii^  obtained 
in fishes containing immature gonads (range 1.84 • 2.40 
millions/ma^ ,- mean 2.166 ^  0.0431 rallliona / mm?), while 
maximum RBC counts are found in ripe fishes (Table 9). 
The leucocyte counts do not appear to be Influenced 
by gonad maturation (Table 9)» Minimum leucocyte count is 
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obtained In maturing fishes (and stage), vdth a range of 
3,800 • 8,000 and the mean Is 4,886 jt 878»71. The maximum 
eotiat is obtained in ripening fishes (Srd stage) with a 
range of 4,600 - 10,000 and the mean is 6,829 + 701*49 / mmS* 
The mean cell volumes (MCV) in maturing (2nd stage) 
and ripening fishes (Srd stage) are same (Table 10). Minimum 
IC? is obtained in ripe fishes (4th stage). The males are 
found to show high MCV (Table 10). Mean cell haemoglobin 
(MGH) and mean cell haemoglobin concentration (MCHC) are 
maximum in immature fishes (1st stage). The values are 
42.23 p. gm. and 30.10^ for ICH end MC!fC respectively. In 
fishes belonging to the rest three maturity stages MGB3 
is constant (Table 10). The HJH gradually decreases from 
immature to ripe fishes (Table 10). The difference in 
MCH content in males and females is not very much apparent 
(Table 10). 
Packed cell volume, haemoglobin content and 
erythrocyte counts Increase as the fish advances towards 
maturation. Increase in haematocrit value may be due to 
Increase in absolute number of red blood cells. But low 
M3H and BCH3 in ripe fishes indicate that increment of red 
blood cells in this stage are not saturated with haemoglobin. 
On the other hand, high M3H and f4GfK in immature fishes 
show that the cells which are added in the circulating 
fluid contain high haemoglobin content. This might be 
73 
perhaps due to high metabolic activity of the fish. 
High haeinatologlcal values In males show that It 
remain active than females throughout the period of 
gonad maturation. 
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IHTRQDtJGflON 
As pointed out earlier haematological studies of 
Indian fishes are of preliminary nature, scattered and 
no sustained effort has been made so far* The references 
available on this aspect mainly deal with such blood 
constituents as haematocrlt value, haemoglobin content, 
total erythrocyte and leucocyte counts and clotting time 
(Dhar, 1948, Banerjee, 1957, 1966, Plllay, 1958, Pradhan, 
1961 and Qayyum and' Naseem, 1967). No attempt has been 
made to make the differential count of leucocytes and 
to find out the number of immature erythrocytes In the 
fish blood stream. On the other hand a review of the 
literature on fish from other parts of the vorld reveals 
that a considerable amount of work has been done on the 
differential counts of blood cells (Reanlkoff and Reznlkoff, 
1934, IXithle, 1939, Yokoyama, 1947, Katz, 1949, Catton, 
1961, Lleb ^  a^M 1963, Slicher, 1961, Ball and slicher, 
1962, Boyer, 1962, Watson ^  1963, McKhlght, 1966 
and Saunders, 1967 and 1968). 
In view of the paucity of information on the 
differential blood cell counts of Indian fish, the present 
investigation was undertaken and a detailed study has been 
made on the three species of ma^or carps, namely, 
girrhlna mrigala (Ham.), Labp^ rphi,^ p (Ham.) and 
100 
(Ham.). A complete morphological stJufly of various types 
of th© cells has also been made. The number of immature 
erythrocytes or erythroblasts has been determined after 
counting 100 erythrocytes from a standard slide. The 
cells of leucocyte series have been catagorlsed into 
three groups, following the classification of Saunders 
(1967) (i) Thrombocytes, (ii) iigranulocytes (a) large 
lymphocytes (b) small lymphocytes (iii) Granulocytes 
(a) eosiniphil (b) neutrophil and (c) basophil. 
RESITLTS M S DISCUSSIONS 
Thrombocytes 
Thrombocytes in fishes are the counterpart of 
platelets found in mammals. Both platelets and 
thrombocytes help in blood coagulation (Dacie and Lewis, 
1963 and Watson ^ j l . , 1963). Catton (196X), however, 
believed that the lineage of thrombocytes and lymidiocytes 
was common, ^while according to Watson Ji. (1963) 
neither th^ thrombocytes are derived from lymphocytes 
nor the two types of cells have a common origin. 
Thrombocytes have been either directly counted 
(Yokoyama, 1947, Dhar, 1948, Katz, 1949 and MfeKnight, ' 
1966) or iJidiroct counts have been made from stained 
smears (Remikoff and Remikoff, 1934, Duthie, 193© and 
S2 
Saunders, 1967). 
Yarlous shapes of thrombocytes have been reported. 
Watson ^  (1963) and Saunders (1967) found round and 
spindle shaped thrombocytes, though few throaboeytes 
have a long and pointed cytoplasmic process (Saunders, 
1968). In ma^or carps the thrombocytes are found to 
occur in a group of two or more cells. The nuclei are 
ovoid or kidney shaped and take a dark blue stain. The 
nucleus covers nearly the whole cell, leaving a thin rim 
of violet cytoplasm around the nucleus (Figure 1). 
Maximum percentage of thrombocytes is found in 
Cirrhina mrigala (Bange 63% to 67^, mean 64.7^). While 
I 
^^ j^ fttla pattla and Labeo rohl^a the thrombocytes are 
63.8^ and eO.2% respectively. Individual variation in 
C. catla is high (Table 1). 
The values obtained for carps are" more or less 
equal to the values reported by Saunders (1967) for 
marine fishes and are higher than the values reported 
for air-breathing fishes| where it ranged from 34.9^ 
to 41.2^ (Khan and Qayyum, unpublished data). 
Lymphocytes 
Lymphocytes or agranulocytes fall under two 
catsigorles, large lymphocytes and small lymphocytes, 
102 
depending upon the size of the cells. (Reznikoff and 
Remlkoff, 1934, Kat2, 1949, and L l e b ^ ^ . , 1963)» 
Watson ^  (196S) pat all the lymphocytes In one 
catagory Irrespective of their sizes. 
I»arge lymphocytes are very rare, while small 
lymphocytes are quite abundant and dominate the 
leticocytic series excluding thrombocytes. These cells 
are supposed to originate from haemoblasts (Watson p.p fil * ^  
1963)* The nucleus of the cell is very large and stains 
deep blue with Wright's stain. The nucleus is surrounded 
with a narrow margin of light violet cytoplasm or some-
times remains colourless (Figure 1). 
> 
The percentages of large lymphocytes in all the 
three species Investigated are almost Identical (Table 1). 
Maximum percentage of small lymphocytes is found in 
h' fohlta (range 26^ to 37^, mean 34^) while In mrjL^ ala 
and catlfi the mean percentages are 29,2^ and 30.9JI 
respectively. 
Neutrophils 
Neutrophils In all the three species are .. almost 
of the same sizes. The nuclei cover about half of the 
cells end their shapes vary considerably from species to 
species, even from the cell to cell within the same 
species* In C. catla the nuclei of the neutrophil are 
Figure 1, Different tjlood cells of three 
species of major carps^ dra^m 
with the help of camera luclda, 
under the magnification of X1200 
A. Erythrocytes 
B. Eosinophils 
C. Large lymphocytes 
D. Small lymphocytes 
B. Neutrophils 
F. Thrombocytes 
o 
^^ ' Cirrhina mriflal 
V % f 1 ^ L^abeorohiU 
V Callacdlla 
mostly oval in shape, tout rarely elongated forms are 
also noticed. In oas© of mrlgala and L. rohlta, the 
ttttclel of neutrophils are either horse shoe or kidney 
shaped* Lobed nuclei have also been noted, ti^he lobes 
are usually single but some times more than one and are 
connected to each other by a thread like chromatin 
filament. The cytoplasm of the cells contains fine 
violet granulesI while nuclei are dark blue with compact 
chromatin (Figure 1). 
Maximum imralier of neutrophils are found In 
C. mrlgala, where the range of neutrophils Is from 7$ 
to with a mean of of the total leucocyte counts. 
In rohita and catjla it ranges from to and 
2$ to with a mean of and 3.8?? respectively. The 
mean individual variation in ca;tla is found to be 
maximum* 
Eosinophils 
. The cytoplasm of eosinophils Is pliik and Is 
filled with numerous, fine and pink granules. The 
nucleus, is generally monolobed, oval or somewhat 
elongated in shape. In some cases bllobed nuclei have 
also been noticed* The lobes of such nuclei are 
connected with filamentous threads, as found in 
neutrophils* The nuclei are stained a dark violet 
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with Wright's stain (Figure 1). 
Boslnophlls la rohlta an4 mrigala octiur 
almost In the same percentages (Table X). In catla 
the counts range from to with a mean of of 
the total leucocyte counts. 
Lleb ^  nl* (19E3) did not report any eosinophils 
In two species of Alaskan fish. While Saunders (1967) 
reported eosinophils in eve^ species of elasmobranchs 
and out of 116 species of marine teleosts examined she 
reported eosinophils in only 66 species. The values 
reported by Saunders (1967) are generally lower than 
found in the present study. Watson jJj. (1963) reported 
2.2^ eosinophils of total leucocytes, but he did not 
include thrombocytes In differential counts of C. auratu^. 
Basophils 
Basophils are very rare in circulating fluid of 
the fishes. These cells are very large and fragile 
(Watson gt , 1963). The cytoplasm of basophils In 
h* rohlta contains large, dark violet and rounded granules. 
The nucleus is blue and situated acentrally in the cytoplasm. 
Basophil is only noticed In L. rohlt^ and constitutes 
0.085^  of the leucocyte counts of this species. 
Saunders (1967) reported presence of basophils in 
only 6 species out of 116 species of marine teleosts, while 
as 
no basophil was reported In four air breathing species 
of fishes (Khan and Qayyum, tinpubllshed data). Watson jg^  jQ.. 
(1963) have reported as much as &% basophils In fish end 
attributed such a high percentage of basophils to some 
diseases* 
Erythroblasts 
Inunature erythrocytes or erythroblasts have been 
counted from stained smears. 
Dawson (1933) classified twenty marine species In 
four groups on the basis of «aimber of erythroblasts 
present In the circulating fluid. Group I comprised of 
20% immature erythroblasts ift circulation. While In 
group II it ranged from Finally in group III 
almost all erythrocytes present were mature. Elasmobranch 
had been included in group IV, because the erythrocytic 
picture was quite different from that of the teleosts. 
* 
In the present study, all the three species 
investigated, comes under Dawson II and III groups. 
Maximum erythroblasts are found In (J. catla and the 
minimum In L. yohi.ta (Table 1). 
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INTRODUCTION 
Blood Is a circulating tissue and has close 
physiological and metabolic affinities with all other 
tissues and organs of the animal body (West and Todd, 
1061). Any change in the animal body accompanies with 
a quick alteration in blood constituents. Thus a 
knowledge of the normal blood picture becomes essential 
before one decides to find what is abnormal. Keeping 
in view this fact the present investigation has been 
undertaken to elucidate the blood picture of commercially 
Important freshwater fishes. 
This chapter gives a comparative account of the 
various blood constituents of some common food fishes of 
this region. 
RESULTS AND DISCUSSION 
Packed cell volume 
Maximum packed cell volume is found In 
Symbranchtts bengalensis. where the range is from 62.0^ 
to 62.0^, with a mean of 66.78 + 1.1197JS. Mean individual 
variation is small. In Clarias tm^ur and Ophicephalu.s 
strlatus, the values are more or less similar, but mean 
89 
Individual variation along with coefficient of variation 
styiatuis is much larger than in G. magur (Table 1). 
Gatla catlfi and Heteropne^stes fossllis the values 
of packed cell volume are 45.10 + 0.7887^ and 41.60 + 
1.1618Jg respectively. The coefficient of variation in 
£. catla Is lauch lower ^an found in H. fossllls (Table 1). 
The lowest value (range, 29.0^ to 61.0JC, mean, 38.88 + 
1.2747J^ ) of packed cell volume is obtained In 
Wallp^ onift pttu. The values in this species show more 
individual variation (S6.6J^ ) and consequently the 
coefficient of variation is also large (13.1161^ , 
Table 1). 
High values of packed cell volume in males of 
C. catlap attu and magur are found. V/hile in 
9.* striatus^ the packed cell volume is higher in females 
(47.41 + 1.1024jg) than the males (46.33 ^  1.4126??). In 
the case of fossllls and benftalensisT the sexes 
do not show much variations In packed cell volume. 
Coefficient of variation in females of 0. striatus is 
much higher (12.6218J?) than found in males (7.6330^). 
The results obtained by other workers on various 
species of freshwater and marine fishes are given in 
Table 2. Similar values (38.88^) as obtained in^. attu 
are reported in Clyrhln^ a furlgala (Qayyum and Kaseem, 
Merluccius pierluccius (Conroy and Rodriguez, 1966) 
90 
(Deb and Boral, 1964). The packed 
cell volume reported in /^ paliaj testaadineus (Banerjeej 
1966) end Echeneis (Ktschi, 1949) are almost the same as 
found in J. fossllls. While packed cell volume obtained 
catla is comparable to values reported for 
Prosopium williamsonl (McKnight, 1966)* Pradhan (1961) 
reported a range of 80*0 to 70.0^ in Qphicephalus* 
Kischi (1949) gave a mean of 46.8JS for Scomber. In 
other freshwater and marine species the values of packed 
cell volume is much lower, than the values obtained in 
the present study (Table 1 and 2). 
Haemoglobin 
The haemoglobin content of the blood of six fish 
species ranges from 9.00 to 13.26 gm./lOO ml. of the 
blood (Table 1). Maximum haemoglobin content is found 
in C. magur (range, 9.65 to 16.04 gm./lOO ml. mean, 
13.26 i 0.2685 gm./lOO ml. of blood) and the minimum 
value is obtained in g* attu (range, 7.26 gm. to 10.76 gm.> 
100 ml., mean 9.00 gm./lOO ml. of blood). Generally the 
haemoglobin contents of air*breathing (£. magur^ 
If* and strlatus) are high, while In 
bengalensis which is a bottom dweller, occurrence 
of high values of haemoglobin Is difficult to interpret. 
Lowest value recorded in ^ttu is probably due to its 
inactive life. 
91 
All the species show higher haemoglobin contents 
for males than females, except in JBSBEi where the 
level of haemoglobin Is slightly higher In females than 
in males (Table 1)* Coefficient of variation is high 
in females than in males, except in g* o^ssiljls and 
^ Cfitl^  (Table 1) • 
Similar values of haemoglobin as found in catla 
and 0. striatas are reported in Cyprimp carpio 
(Field ^  1943) Pro^ pP^ ytm ^ lliamspni (McKnight, 
1966) and Garassiiis syiyatyip (Flanker and Houston, 1966 
and. Anthony, 1961). The ,level of haemoglobin in att^ 
is similar to that found in Cirrhina mrifafila (Qayyum and 
Naseem, 1967). Pradhan (1961) has reported ranges of 
9.0 - 12.1 gm.^ in yilapifi and 12.0 - 19.0 gm./lOO ml. 
in Ophicephalus. Low level of haemoglobin is reported 
Salv^li^^s fontina|.is (Field et al., 1943), 
Ictalurus neboloaus and I. punctatas (Haws and Goodnight, 
1962), Brevoortia tvrranup (Hall a],., 1926) and 
Merlucpiup mer^ Luccius (Conroy and Rodriguez, 1965). In 
,Anabas testudineus much high values have been reported 
(Banerjee, 1966). Kischi (1949) reported a very low 
content of haemoglobin in the blood of marine fishes. 
It is well known that metabolic activity is higher 
in air-breathing animals than aquatic animals (Brown, 
1967, Kanungo, 1961 and Prosser and Brown, 1962). The 
present finding is in agreement with the generalisation 
92 
that a higher haemoglobin eoatent Is found In air 
breathing fishes, Indiesting more oxygen carrying 
capacity of the blood and consequently high metabolic 
rate. 
Erythrocytes 
The erythrocyte count is maximum In Q, striatum, 
where it ranges from 2,0? - 4.16 millions/mm^ with an 
average count of S,220,385 • 53,600 / m^ and a 
coefficient of variation of X0*3B%» The lowest 
erythrocyte count is recorded in W. attu (range, 1.80 to 
2,88 milllons/mm3J mean-3,149,376 jf 69,800). The mean 
individual variation is very large with a high coefficient 
of variation (12.98^). In other species the mean 
erythrocyte counts range between 2,364,444 « 2,820,769 / 
mm® (Table 1). 
Again, the red blood cell counts are higher in 
males of all the species Investigated than in females 
with exception of pagur (table 1). 
Baner^ee (1967) reported almost same number of 
erythrocytes in J. fossllls^ as found in the blood of 
same species in the present study. In attu erythrocyte 
counts are comparable to Ictaluru^ punctatyi!^  (Haws and 
Goodnight, 1962). The erythrocyte counts in C. eatla 
93 
are similar to Hotrop^ bXemiis at 16*6° C (Bonders, 
196?). Most of the workers have recorded low erythrocyte 
counts in other species (Tahle 2) than obtained in the 
present study (Table 1 and 2). 
Erythrocyte counts of air breathing fishes, 
S* roagur, Ji. fossilis and 0, punctatus and the surface 
plankton feeder G, catla are higher than Jf. atta which 
is a sluggish fish, cat^a shows higher values than 
S* gari^ ala (2,293,866 ^  12,840 / mii^ ) and L. rohlta 
(2,293,691 + 17,860 / mniS). The last two species of 
carps are bottom and mid surface feeders respectively 
and consume a food of less calories than catla. 
Leucocytes 
Leucocyte count does not show wide variation 
among the species investigated. The range of average 
count is from 6,089 to 6,680 / mmS, However, in 
benealensis the counts ar© significantly lower than 
in other species (Table 1). 
The leucocytes are abundant in females, except 
^^ Jf* gtttu and almost equal counts are obtained for both 
sexes of C. mapur (Table 1). 
Tokoyama (1947) reported a mean of 43,400 / mra? 
^^ Perca flavescens. His findings of leucocyte counts 
94 
in other freshwater fishes are also high (Table 2). 
Slightly high leucocyte couats are also reported In 
M' fossllls and Anabas ^ estyidlneus (Banerjee, 1967 and 
1966) eiid in Clrrhina mrlgala (Qayyum and Naseem, 1967). 
Leucocyte count of Prosoplum wllllamsonl (McKnlght, 
1966) is comparable with benealenslsT g. fossllip 
and C. fflfigur* 
Erythrocyte sedimentation rate 
Erythrocyte sedimentation rate is maximum in 
M* ben^slen^ls with a mean of 2.22 + 0.2093 mm/hour, 
with large coefficient of variation (25.12^). Minimum 
sedimentation rate of erythrocyte is obtained in 
U* striatus with a mean of 0.81 + 0.0376 min/hour. While 
Mag^r and H. fossllls the values are almost equal 
(Table 1). 
In all the six species Investigated, the rate of 
sedimentation is comparatively higher in males than in 
females (Table 1). 
Very few workers have recorded the erythrocyte 
sedimentation rate In fishes. In KLeuronectes platessa 
erythrocyte sedimentation rate In different months range 
from 0.96 to 1.66 mm/hour (Preston, I960). In 
Prosopium wllllamsoni erythrocyte sedimentation rate Is 
comparable to C. maeur and J. fosslli^ of the present 
95 
study (McKnlght, 1966) while In Clrrhl^a mrlgala^ 
erythrocyte sedimentation rate is 1.86 mrn/hour (Qayyum 
and Haseem, 1967). 
Clo^ tting time 
The clotting time ranges from 43.0 - 68.0 seconds 
S* cfttlftf 28.0 - 47.0 seconds In magur ^  40.0-44.0 
in H. fossilise 30.0 - 38.0 in Jf. attu and 12.0 - 23.6 sec, 
^^ 9,' striatus. with a mean of 62.76 + 2.90, 36.97 + 1.63, 
42.0 + 2.00, 33.0 + 1,66 and 17.63 + 1.11 seconds 
respectively. The maximum clotting time is found in 
2,* fifttlfi and minimum in striatus (Tafele 1). 
The clotting time in males of catla and J. attu 
is higher than in females| while in ot^er species the 
females are found to have higher clotting time than 
males (Table 1). 
In Qadus morhua, clotting time increases with 
increasing temperature (MacNob and Ronald, 1966). They 
recorded 27.0 seconds at 0®C and 88.0 seconds at 30®c. 
The clotting time of^. catla is similar to that of 
Clrrhlfift mrlpfila (Qayyum and Naseem, 1967). In 
H. fossilis (Banerjee, 1957) the clotting time is much 
lower (28.0 sec*) than found for the same species in the 
present study (Table 1 and 2). Banerjee (1966) recorded 
96 
same clotting time for itoabaa testudineus as found for 
ik fosallis* A very high coagulation time (72.0 sec.) 
Is noted in .l^ osop^ uai villiatasoni (McKnight, 1966). On 
the other hand in Catostonais ppmmersonj. ^ ucklevi a very 
low coagulation time of 2 - 4 second has been reported 
(Hendricks, 1952). 
Morphology of erythrocytes 
The erythrocyte of attu is ovoid in sl^pe 
thotigh some elllptsold forms are also noticed, fhe 
centrally situated nucleus has the shape of cytosome. 
1?he oval forms of the cytosome is also noticed In 
0. striatus, with the dimension of 10.41 p. X 7.48^ to 
11.43^ X 8.20^ and the mean is 10.97 ^  X 7 . 8 4 I n 
S* Biagu^  and J. fossilis the dimensions of the cells 
are 11.41 X 8.87 to 11.63 X 10.20^, with a mean of 
10.97 X 9.66^ and 10.98 X 9.27/U to 11.46 X 8.88^ and 
the mean is 11.13 X 8.98 ^  respectively. The cells in 
both the species are more or less round* 
Absolute values 
Mean cell volume (MCV), mean cell haemoglobin 
(MCH) and meen cell haemoglobin concentration (MCHJ) are 
given in Table 3 for all the six species Investigated. 
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The maximum mean cell volume Is found in 
be^alensisa where It ranges from 211.38 - 287.74^^ 
with a mean of 240.19 The values are similar la 
S* patljEi and mfiguy (Table 3). In e^ tt^ ^ mean cell 
volume,ranges from 134.36 - 2 1 7 . 0 2 w i t h a mean of 
179.26^^. In 0. striata^ and H« foasilisl the mean 
values are 146.16 pi^  respectively. 
Again maximum mean cell haemoglobin is found in 
bpnpalensisT with a range of 40.38 - 63.76 gm. In 
C. mfi^ uy and J. fofssilis the values are similar (Table 3) 
but individual variation is nnich higher in C. magur. 
Minimum mean cell haemoglobin is obtained in 0. ^ triatus 
with a mean of 32.33 ja p. gm. 
Mean cell haemoblogin concentration is more or 
less similar in catia^ attu and striates (Table 3) 
Minimum mean cell haemoglobin concentration is fotmd in 
bengalensia with a mean of 21.19^ (Table 3). m case 
mapuy and H. the values are higher 
(Table 3). 
In the present study, high values of packed cell 
volume recorded in benpalen^isy might be due to a very 
high mean cell volume (Table 3), but low mean cell 
haemoglobin indicates that the cells are not saturated 
with haemoglobin and eooseqiuently respiratory efficiency 
9S 
is low, dua to sluggish nature of the fish (Kanungo, 1961). 
It is quits evident that the fishes having high 
concentration of haemoglobin and erythrocytes are more 
active (Hall ^  1929, Dawson, 1933). In the present 
study it can be seen that air breathing fishes are more 
active. On the other hand W. attu, a sluggish cat fish, 
shows very low haematological values. While C. catla 
among carps is more active (see Chapter II and III) and 
therefore, all the blood values are found to be higher 
than the other two carps investigated. 
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INTRODUCflON 
Various ecological factors Influence the blood 
constituents of an animal. The important ones are 
temperature, food, oxygen, hydrogen ion concentration 
of the water and carbon-di-oxide (Pradhan, 1961 and 
Flanker and Houston, 1966). These factors are found 
to act either alone or in combination with other 
factors (Hall, jt 1926). 
Temperature is the most important factor. It 
has been shown that the change In temperature is directly 
related.^ rfith the haematological constituents of the blood 
(Kaplan and Grouse, 1956, Preston, 1960, Haws and Goodnight 
1962, Banerjee, 1966 and MeKnlght, 1966). Increase in 
haematological values with Increasing temperature has 
already been reported for other polkilothermic animals 
(Musacchia and Sievers, 1966, for turtle, Deb and Boral, 
1964 and Banerjee, 1966 for frog). Temperature also 
Influences indirectly, as when temperature Increases, the 
disolved oxygen concentration lowers down (Prosser and 
Brown, 1962) which may affect the blood values. It is 
also well known that at a given temperature the 
nucleated Red Blood Cells of fishes respire at greater 
level than the non-nucleated cells of mammals (Hunter 
and ainter, 1957). 
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Oxygen has also been reported to affect the 
blood constituents of fish. A decrease in oxygen 
concentration causes an increase in oxygen capacity 
of blood, and this brings in changes in various blood 
constituents (Kawamoto, 1929, Brown, 1967 and Prosser 
and Brown, 1962), Root (1931) found the oxygen capacity 
to be proportional to the haemoglobin concentration in 
the circulating blood of fish. It has also been shown 
that asphyxia leads to an increase in blood constituents 
(Hall, sJfesiM 1926 and Phillips, 1947). 
Ifydrogen ion concentration of the fish habital 
appears to be indirectly related to the blood constituents, 
by affecting the loading of oxygen to the haemoglobin. 
Pradhan (1961) and Kalashkov (1936b as quoted by Slicher, 
1961) have emphasized the affect of hydrogen ion 
concentration on the blood picture of a fish. 
TEMPERATURE 
Seasonal changes in water temperature and 
haematological constituents are given in Table 1 and 2 
and represented in Figure 1 for Cirrhina mrieala and 
Labeo rohita respectively. 
The packed cell volume decreases with decrease 
in temperature. Distinct seasonal trends in packed 
cell volume, haemoglobin contents and erythrocyte counts 
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are* apparent* In both species laaximum values of 
packed cell volume are found In the months of September, 
October and while the minimum In the months of 
December and January and February (Table 1 and 2, 
Figure lb). Unexpected lowest values of packed cell 
volume noted for March is accompanied by decrease In 
mean cell volume (Table 3 and 4) and might be due to 
increase In dissolved oxygen concentration from 8.82 n^./L 
to 9.76 mg./L (Figure 2a). 
Increase In packed cell volume alor^ with 
Increase In temperature has also been reported by 
Mbisacchla and Si ever s (1966) when they subjected the 
turtle to a very low environmental temperature 2° + 4®c. 
The turtle showed a very rapid fall in haematocrlt value 
and whole blood specific gravity. Deb and Boral (1964% 
have experimentally shown that values of cell volume 
fall down, when the toads were exposed to cold, however, 
the fall in values, reported by him, is not statistically 
significant. Preston (1960) also reported low 
haematocrlt value during winter for Pleuronecte^ pl^tes^a. 
Anthony (1961) worked In detailed on the affect of 
temperature on carrying capacity of oxygen of gold fish 
and he observed an Increase relationship with the change 
in temperature and packed cell volume. While toung 
(1949) could not established any correlation with the 
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packed cell volume and changes'in temperature. 
The rnaximuiB haemogloMn content is fouraS in 
May (10.84 + 0.1726 gm./lOO ml. of blood for Mrlgal 
and 9.637 ^  0.4914 gm./lOO ml. of blood for Rohu) with 
high ttean cell haemoglobin and mean cell haemoglobin 
concentration (Table 3 and 4). The maxiiaum temperature 
has also been recorded in the same months (27.3®c). The 
value of haemoglobin increases during the post winter 
months along with increase in mean cell haemoglobin and 
mean cell haemoglobin concentrption (Table 3 and 4) 
(February to May), when the water temperature rises. 
But on other hand, from September to January values do 
not show a close relationship with variation In water 
temperature in both Mrigal and Rohu. In Rohu an< 
Increase in haemoglobin level is noticed from October 
to November though the temperature goes down from 
26.8® C to 19®C* Conversely the level of haemoglobin 
decreases in February by 15.2^ inspite of Increase In 
temperature. This decrease in haemoglobin level in 
February is probably due to low value of mean cell 
haemoglobin and mean cell haemoglobin concentration 
(Table 4) and high concentration of dissolved oxygen 
(Figure 2a and 2c). Like packed cell volume the 
haemoglobin contents of both the species are influenced 
by temperature. 
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Bonders (1957) and Anthony (1961) have found that 
increase in level of haemoglobin Is dependent upon the 
Increase in temperature* Bonders (1967) reported an 
overall Increase of about 60.0^ when the fishes were 
transferred from 9.5°C to 16.6®C* Preston (1960) also 
reported higher level of haemoglobin for Pl^uronectes 
t?latessfi in summer, as found in the present study. 
Rund (1964) noticed lack of haemoglobin in several 
species of antaretic fishes. Slicher (1961) experimentally 
found a fall of 9.4 gm./lOO ml. in the haemoglobin when 
the fishes were Immersed in ice cold water for two hours. 
Banerjee (1966) also reported similar results, as found 
in the present study, for the common toad of Patna. 
Scholandar (1967) estimated low concentration of haemo-
globin in cold water arctic fishes as well as in the 
cold water deep sea fishes than warm water species. On 
the other hand no significant correlation between 
temperaiure and haemoglobin was found in toad (Deb and 
Boral, 1964) end in two closely associated species of 
the cat fishes (Haws and Goodnight, 1962). 
The Red Blood Carpuscles are found to be very 
much influenced by the changes occuring in thermal 
condition of the environment. Miaximum number of 
erythrocytes in Mrigal is found in April 2.631 + 0.0890 
mill ions/mni^ , and miniinum count in January (2.069 + 0.0361 
milliona/mraS). VJhile in Rohu the maximum red blood count 
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Is obtained in September (2.647 + 0.0678 millions/mniS) 
and in May, 2«413 + 0^0884 millions/W^ is found, and 
the minimuin erythrocyte count is found in January, 
1.963 + 0.0160 millions/nim®. In these two very closely 
related species, same patterns of erythrocytic changes are 
found in various months, except in September, when red 
blood cell count in Rohu (2.647 + 0.0678 millions/mm®) 
is higher than in Mrigal (2.166 + 0.0416 fnillions/mm^ ). 
A slight increase in erythrocyte counts from 
November to December in both species (Table 1 and 2) 
does not correspond with the temperature, as it falls 
down from 19.0®C to 14.76°C. The higher counts of 
erythrocytes in this month are most probably due to 
sudden decrease in dissolved oxygen concentration i.e., 
from 10.7 mg./L to 8.42 mg./L (Figure 2a). /igain the 
red blood counts in Rohu from February to March are on 
decline and this is perhaps due to increase in dissolved 
oxygen concentration (from 8.82 mg./L to 9.76 mg./L). 
Thus it becomes quite apparent that the total erythrocyte 
counts increase with increase in the water temperature. 
. The present observations are in close agreement 
with the findings of Schlicher, 1927, Schaefer, 1928, 
Sapoor, 1961 and slicher, 1961). Slicher (1961) found 
a significant decrease from 2 6 . t o 12.1^ in erythrocyte 
counts, when the fishes were immersed in cold water for 
Figure 1. Seasonal changes in the blood values 
Clrrhina mrigala and Labeo rohita 
in relation to the variation in the 
temperature of pond moat. 
(a) Temperature 
(b) Packed cell volume 
(c) Haemoglobin content 
(d) Erythrocyte counts 
— • Lab^o yphlta 
0 ^o Cirrhina mrij^ ala 
S E P DEC. J A N . 
MONTHS 
FEb 
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two hours; Preston (1960) reported that during late 
spring and summer blood of Pleuronectes platessa 
concentrates along with the rise in water temperature 
and haeraodilution later in the year was in response to 
the falling water temperature. McKhight (1966) also 
reported higher counts in April for white mountain fish. 
For other poikilothermic animals Banerjee (1966) showed 
low counts for red blood cells in toad during winter 
and significantly higher red blood counts in other 
seasons of the year. Miissachla and Sievers (1966) also 
exhibited that turtle showed haemodilution when exposed 
to low temperature. Kaplan and Grouse (1966) also 
recorded lower counts in winter than in summer in the 
frog. But itothony (1961) on other hand, found a 
significant higher red blood cell count in gold fish 
which were exposed to 6® • 6®C. than that of those at 
26° - 30°C. 
It seems probable that the seasonal changes in 
haemoglobin concentration and haeraatocrit value of Rohu 
and Mrigal reflect seasonal changes in the metabolic rate 
of summer and winter fishes, fhe haematocrlt value could 
be affected by the seasonal shift in the blood value and 
therefore, after an exposure to low temperature, both 
the blood value and packed cell volume decrease. The 
increase in haeraatocrit value is probably due to an 
increase in the total number of circulating red blood cells. 
10? 
From above aiscusfsion it can eoneludeS that 
©uvironmeatsil tamperQt«r@ alone is not th& only f&etor 
rosponsible for adoptive variation at haomtological IQVGI* 
L&ek of consistency in tfm r^i^lts of aiffdrent mithors 
suggest that th© change in variouis blood constituents 
might be due to various other factors such &s diot, eg@| 
sexual raaturityi oxygon ccwacentrr.tion ©te» (Predhani 1L90., 
Flsfrisor end ffouston^  ThQs© factors might b© 
lafltjonclng individttslly or In conjugation lAth t©Bip©r©tur© 
(llaws andi Goodnight, 1962). 
msmhim OOTEI cofasERfH/^ TXOH 
Facked coll volt23fi@ in both the specios aro found 
to b@ inv@rsoly r^latod to th^ concontratlon of dissolved 
oxygen of the water (Figure 2a and 8b). However, from 
Deeeaiber to J'anuiary the packed cell voltime in Bohu and 
jfrigel goes dowi by and 6.0^ respectively along with 
the f0ll in dissolved o^gen concentration from 10.7 mg./L 
to 8.4S n]g«/Lt The decrease in value during this month 
appears to be duo to other factors then 05syg®h# fh© 
relationship egoln gets interrupted in October in Mrigcl 
when the pecked cell volume has been found to increase by 
(Table 1). 
iis can be seen frota Table 1 and 2 and Figure 2c, 
that the haemoglobin content of the blood is not effected 
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by the seasonal changes In the aissolved oxygen 
concentration and no apparent relationship is fotmd. 
Increase In haemoglobin level In MSfigal from September 
to October is, however, not a very slgnlflcent one, but 
an appreciable increase in haemoglobin level Is noticed 
from February to March in both the species (12.6^ for 
Mrigal and 28,4^ for Rohu) along with increase In mean 
cell haemoglobin and mean cell haemoglobin concentration 
(Table 3 and 4). Unusually the dissolved oxygen 
concentration also increases in the same period. In the 
month of December and January the values of haemoglobin 
decline with increasing dissolved oxygen concentration. 
It appears that the changes in haemoglobin contents are 
influenced by changes in water temperature, hydrogen ion 
concentration of the water and availability of food. 
The red blood cell counts in both the species, 
appear to be not much affected by the variations in 
dissolved oxygen concentration (Table 1 and 2). Mrigal 
almost shows no relationship with the seasonal changes 
in dissolved oxygen of the water (Table 1 and Figure 2d). 
However, fall in erythrocyte counts from December to 
January accompanies with decrease in dissolved oxygen 
concentration in water and an Increase in erythrocyte 
counts from January to February in both the species, 
along with m increase in dissolved oxygen concentration 
are perhaps due to changes in temperature and rate of 
feeding (Figure Id and 4d). 
Figure 2. Seasonal changes in the blood values 
Cirrhina mrigsla and Labep rohita 
in relation to the variation in 
dissolved oxygen concentration 
of the moat water. 
(a) Dissolved 03cygen concentration 
(b) Packed cell vol-ume 
(c) Haemoglobin content 
(d) Erythrocyte counts 
Lab^o rohita 
-o Cirrhina mrigala 
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Hail ^  (1926) ©xperimentally showed that in 
Manhaden asphyxia produces a definite increase in various 
haematological constituents and increase in hlood value 
is directly proportional to the length of time of asphyxia* 
He observed an increase of paclced cell volume by 133 • 
haemoglobin by 72.6^ and red blood cells by 81.0^. While, 
on the other hand, the concentration of oscygen depleted 
from normal, 4.87 mg./L, to 0*29 mg,/L after 60 aiinutes 
of asphyxiation* The above experia^nt of Hall ^ 
(1926) shows that the value of packed cell volume is rmich 
affected by the lack of oxygen than haemoglobin and 
erythrocytes. Similar results have been also obtained 
in the present study (Table 1 and 2). But Hall 
(1926) realized that other factors along vith the 
asphyxiation may also cause the large individual variations, 
In the present study to© it can be seen that temperature 
and food along with dissolved oxygen concentration play 
important roles in altering the level of various blood 
values. 
Brown (1967), Mthony (1961) and Prosser and Brown 
(1962) pointed out that the osgrgen concentration decreases 
with increase in altitude and hence ttie blood values 
increase. Hendricks (1962) made erythrocyte counts of 
two closely related species at different altitude, but 
his observations, contrary to general assumption, are 
lower at high altitude for Gatostoimis commersop.^  sucklevi 
110 
and Cs^fiSsiSS g£lagaS» He fouM high 
haemoglobin level for the later species at high altitude. 
It can be concluded that variation in dissolved oxygen 
concentration is not much affecting the blood constituents 
alone, but altering the blood picture in combination with 
other factors. 
HYDROGEN ION COHCENTRATION 
A direct relationship between packed cell volume 
of Rohu and hydrogen ion concentration of the environment 
could be observed from Table 2 and Figure 3a and 3b, as 
packed Cell volume and hydrogen ion concentration goes 
dovm from November to March, though in February and March 
the temperature is favourable and there is abundance of 
food. In Mrigal no such definite relatiohship is noticed. 
It appears that besides hydrogen ion concentration other 
factors are also influencing the packed cell volume. 
Figure 3a and 3c clearly shows the affect of 
changing hydrogen ion concentration on haemoglobin content 
of Rohu and Mrigal. The haemoglobin shows a direct 
relationship with the hydrogen ion concentration of the 
water, except from September to October for Rohu and 
from October to November for Mrigal, although the changes 
in haemoglobin content of both the species ar© not very 
significant. 
Figure 3. Seasonal changes In the blood values 
of Clrrhlfia mrlgalg, end Labeo rohlta 
In relation to the changes in the 
hydrogen ion concentration of the 
moat water. 
(a) Hydrogen ion concentration 
(b) Packed cell voliime 
(c) Haemoglobin content 
Cd) Erythrocyte counts 
^ Labeo rohita 
"O Ciirrhlna mrigala 
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D^uring monsoon the hydrogen ion concentration is 
low, while progressive increase in hydrogen ion concentra-
tion is noticed during pre-monsoon <April, and post-
toonsoon months (September) and conse(|aently the haemoglobin 
level also changes (Figure 3c)• 
i 
It can be seen from Figure 3a and 3d that there 
is a direct relationship between erythrocyte counts and 
hydrogen ion concentration, except in the months of 
October and November when low blood counts of Mrlgal have 
been obtained| inspite of increasing hydrogen ion 
concentration* 
The above results show very clearly that hydrogen 
ion concentration changes are closely related to 
haematological changes in blood. Perhaps hydrogen ion 
concentration is not Independently influencing the blood 
constituents, but is acting along with other iShysical 
factors. 
OTEGTS OF PEEDim 
Maxi^ mum haematocrlt values for both the species 
are found in the months of September, October, November 
and May coinciding with the periods of intensive feeding 
(Rashid and George, unpublished data), fhe fflinlmum values 
are obtained in the months of December and January (Table 1&2) 
112 
when the water temperature Is at Its minimum and least 
amount of food is being consumed (Figure la and 4a)« The 
low value in March may be due to sampling error. 
Young (1949) could not find any relationship 
between packed cell volume and feeding response, though 
various workers have attributed the anaemic condition of 
fish, to the lack of food (Phillips, 1947, ftoracchla 
and Slevers, 1966). 
A direct relationship has been obtained in 
between plankton concentration and haemoglobin levels 
in all months, except in February, although the variation 
is insignificant* In both the species maximum level of 
haemoglobin, mean cell haemoglobin and mean cell 
haemoglobin concentration is found in hot months, when 
the dietary condition of pond moat is excellent due to 
presence of large numbers of phyto and asooplanktons 
(Khan, 1967)* The lowest vslue of haemoglobin during 
cold months is due to very low environmental temperature 
and inadequate supply of food. 
The red blood counts in both the species show 
the same relationship between plankton and haemoglobin. 
The minimum erythrocyte count Is found in the month of 
January, when the food is scare. While erythrocyte 
counts increase from February to April, when maximum 
food is available. 
Figure 4. Seasonal changes in the blood values 
Clrrhlna mrlgala and Labeo rohlta 
In relation to the changes in 
plankton production of the moat water. 
(a) Plankton production 
(b) Packed cell volume 
(c) Haemoglobin content 
(d) Erythrocyte counts 
Labeo rohlta 
»• Clrrhlna mrigal 
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SlicheP (1961) found higher counts In laboratory 
kept fish, which were fed nutritive diets than those of 
Fundulus heteroclitus* Elliot ^  (1966) also 
reported higher blood counts and haematocrit value for 
fishes which were fed nutritive food (meal food 
containing 13,000 cal. and meat food contains 160 cal,). 
It can be concluded that dietary affect is an important 
factor on fish haematology as defficiency in available 
food may stunt the growth, cause anaemia and lead to the 
death of fish (Alikuhi 1964). 
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ISTB0DPC1:I0H 
ffeny possible factors aueh as age and growth, 
diet and diseases have been suggested by Elliot ^ 
(1966) as affecting the biochemical constituents of the 
fish blood. Other investigators have also found that 
the composition of the body or the blood of anitaals is 
affected by such variables. Siddlqui and Siddiqui (1966) 
and Siddiqui (1966) found that the concentrations of 
alkaline phosphatase, phosphorus, calcium and cholesterol 
^^ Qphicephalus mnctattas blood are subjected to seasonal 
variations. They have made a successful attempt to show 
a strong correlation, between the seasonal variations in 
the biochemical constituents of the blood and feeding 
and spawning habits of the fish. In other study Booke 
(1964b) found seasonal variations in protein and calcium 
related with spawning behaviour of the fish. Sano (1960) 
showed that the seasonal increase in protein of rainbow 
trout blood were due to growth requirements and 
independent of age, contrary to the findings of 
Elliot jg^  (1966) for chinok salmon fingerlings. 
Booke (1964b) has shown an interesting evolutionary 
itaplication and high calcium level during spawning has 
been attributed as forerunner of the mechanism operating 
in higher egg laying vertebrates which produce shells 
around their eggs. 
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Before dealing with variations In biochemical 
constitiieuts In different months of the year, it appears 
desiTeabl© to ha'fe am, uMerstanding oir the apology and 
bionomics of the fish Heteropneustes fossllis, as the 
feeding rhythm and sexual cycle, are found to have a 
great influence on the seasonal variations in the blood 
serum constituents of Slnghi. It has been already pointed 
out that protein food considerably affects the protein 
content of blood serum (report submitted to I.C.A.R., 
1068, Elliot 1966 and Booke, 1964a, 1964b and 
1965). 
Ecology and bionomics 
Heteropneustes fossilis is a common pond fish of 
India* It is found In all types of ponds and can 
survive for a long time when kept in captivity even in 
small quantity of water for it has massive paired sacks 
like pharyngial lungs as accessory respiratory organ 
(Bhatt, 1966). The fish Is mainly caught from weedy 
ponds. During suimaer months the seasonal ponds get 
dried up, thus this fish like other air breathing fishes 
burrles Itself in the soil and ae^tlvates in Pits, 
generally many fishes 11vo together In a single pit 
(Bhatt, 1966). 
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Cycle of gonad maturation 
The arbitrary classification of gonads Into various 
maturity stages Is based upon colour, size and shape of 
the gonads, gonad weight in relation to the body weight 
and the diameter of oocytes. 
The immature virgins (1st stage) occur from 
October to January* The fishes are 10 - 12 em. in lengths. 
From" February gonads of all the fishes including immature 
virgins begin to develop and maturing virgins or 
recovered spents <2nd stage) appear in the population 
and occur till early May. The ripening fishes (Srd stage) 
V 
appear in late ^^y and continue to occur till June. Ripe 
fishes (4th stage) are in abundance during July a»£i 
Mgust, but a decrease in their number is markedly seen 
in September. The spent fishes (5th stage) are first 
seen in ijsigust and become abundant in September* The 
spawning months are, therefore, August and September 
(Qasim and Qayyum, 1961 and Bhatt, 1966). 
Food and feeding 
Maximum quantity of food is consumed during 
monsoon first transitory period and winter. In summer 
less feeding takes place and minimum food is consumed in 
June. From July the feeding Intensity Increases and 
reaches its aaxln»im in September. In October it shows 
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a slight decrease (Bhatt, 1966)* 
The food of small size fishes Is fnalaly constituted 
of Copepods, Daphnldst algae and other planktonlc 
organlsffis. While the food of larger fishes comparlses 
molluscs, shrimps, ehironomld larvae and forage fishes. 
Gastropods constitute the main Item of food in monsoon 
months and are almost absent In the gut contents during 
summer. Cypris occurs throughout the year and varies 
between S.S^ to 42.8^. Occurrence of ehironomld larvae 
is maximum in January (6Q.3JI) low in July (38.4^) and 
minimum in June (13.^  
^KALIHE PHOSPHATASE 
Heteropyieustes foss^^l^ has been found to contain 
maximum level of alkaline phosphatase among all the fish 
species investigated (see Chapter IX and Table 1) and 
the range of alkaline phosphatase in Singhi is more or 
less same as found in a human child. 
Maximum value of alkaline phosphatase Is found in 
November (13.00 B.U.). After this month, alkaline 
phosphatase level falls down by 33.3^ in December 
(Table 1 and Figure 1) and decreases gradually up to 
May, when the minimum value (3.62 B.U.) is recorded® 
From December to March alkaline phosphatase level remains 
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almost constant (range 8.21 to 9.40 B.U.). 
Seasonal variations in allcaline phosphatase level 
In the blood serum of Singhl appear to he related with 
food and feeding habit of the fish* The breeding cycle 
also seeais to Influence the alkaline phosphatase level. 
Relationship with feeding 
High values recorded in first transitory period 
(October and November) and winter are most probably due 
to intensive feeding during these months. Alkaline 
phosphatase level falls down in summer (May and June) 
through second transitory period (March and April). 
Decrease in alkaline phosphatase level appears to be 
due to gradual decrease in feeding lnt.ensity. The 
environmental conditions also become adverse as the 
water of ponds considerably shrinks and sometimes 
dries UP| forcing the fish to undergo aestivation till 
the monsoon sets in. In monsoon the fishes start active 
feeding and consequently the alkaline phosphatase level 
also goes up (fable 1 and Figure 1). 
Relationship with sexual maturation 
Various stages of gonad maturation also appear 
to influence the level of alkaline phosphatase in the 
blood seram of singhi« 
Figure 1. Seasonal variation in alkaline 
phosphatase level of blood serum 
Heteropneuste s fosslMs* 
Figure 2. Seasonal variation in phosphorus 
content of blood serum of 
Heteropneustes fossilis* 
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Maximum level of alkaline phosphatase is found 
In Immatur© fishes (October to January). It Is perhaps 
due to high metabolic activity of the smaller fishes* 
After January the level of alkaline phosphatase 
gradually falls down untill the fishes reach ripening 
-condition (3rd stage). Howver, in monsoon, when the 
ripe fishes are in abundance, the alkaline phosphatase 
level increases significantly* 
INQBOANIC PHOSPHORUS 
Phosphorus contents range from 8.40 to 13.20 mg,/ 
100 ml. of blood in various months. The maximum value 
is found in the month of November and the minimum In 
January. It can be seen from Table 1 that the phosphorus 
level are generally high in spawning and post spawning 
months (August, September and October). In November the 
phosphorus content falls down and this trend is noticed 
till January. However, from February to May the 
phosphorus level of the blood almost remains constant 
» * 
(Figure 2). 
Relationship with feeding 
Seasonal variations in blood phosphorus do not 
appears to show any relationship with feeding intensity 
of the fish. However, in monsoon and first transitory 
121 
period maKlmura value of phosphorus is, perhaps, due to 
active feeding. 
Relationship with maturation of gonads 
High phosphorus content In the blood serum of 
Singhi is found in fishes containing ripe and spent gonads. 
J^&ln no definite relationship could be established between 
phosphorus level and spawning cycle. 
CALCIUM 
Calcium is another important mineral in the blood. 
Its vital role in physiological and metabolic activity is 
well known. It is the main constituent which takes part 
in ossification of bones and teeth, alongwith phosphorus 
ions. About half of the calcium, present in the blood is 
fotmd in combination with protein. So calcium in blood 
is mainly influenced by protein and inorgs^ic phosiJhorus. 
Seasonal chaises in calcium concentrations in the 
blood serum of Singhi are given in Table 1 and presented 
in Figure 3. 
Calcium concentration in the blood serum of Singhi 
gradually Increases from March till reaches the maximum 
level in August (14.4 mg./lOO ml. of the blood). !Ehe 
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calcium level falls down in September (11.20 mg./lOO ml.) 
,and October (9.00 mg./lOO ml.). From Kovember to January 
the calcium levels are low (fsble l and Figure S). In 
February the calcium concentration is considerably high 
and no possible explanation could be given for the 
increase, however, it appears to be due to sampling error* 
Relationship with feeding Intensity 
Seasonal variations in the calcium contents do not 
appear to show much relationship with feeding intensity 
of the fish. However, high calcium content during monsoon 
(July, August and September) might be due to intensive 
feeding. 
Relationship with maturity and spawning behaviour 
Lowest calcium content in first transitory period 
(October and November) In the blood may be due to after 
affects of spawning, as the fish in this month Is generally 
found in spent condition (Bhatt, 1966). In winter the 
calcium value Is generally low. ilfter winter as the fish 
advances towards higher maturity stage, the calcium level 
of the blood also Increases and the ripe fishes show the 
maximum values (Table 1). Again calcium content of the 
blood becomes low In spent fishes. It clearly Indicates 
that breeding cycle has a marked influence on the calcium 
content of the blood. 
Figure 3. Seasonal variation in calcltim 
content of blood serum of 
Efeteropneustes fossllls* 
Figure 4, Seasonal variation in protein 
content of blood serum of 
Heteropneustes fossilis» 
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Slddiqul and Slddlqul (X966) reported low values 
of calcium In October and I4arch, coinciding with least 
feeding in OphlceTshsilug mnctatus* Booke (1964b) found 
no seasonal variation in calcium levels In males, while 
females showed a definite seasonal changes in calcium 
content. He recorded much higher values of calcium 
during spawning season, a decline was noted Just after 
spawning. In the present study also maximum calcium 
level is found in spawning period and minimum in the post 
spawning season*. Hess ^  <1928) recorded similar 
results In cod. Bailey (1967) and Hb and Venstone (1961) 
reported increased calcium level after injecting a 
follicular harmone (Estradiol) in gold fish and sockey 
salmon respectively. Booke (1964b)" pointed out that 
increase in serum calcium level for developing eggs in 
fishes may be the forerunner of the mechanism operating 
in higher eggs laying vertebrates, which produce shells 
\ 
around their eggs. This interesting evolutionary 
implication also seems to be true for Slnghl. 
TOTAL SERUM PROTEIN 
Maximum value of protein is obtained in February 
(6.70 gm./lOO ml.), while the minimum is noticed in July, 
Aigust and November (Table 1 and Figure 4). After 
attaining the maximum value in February, the protein content 
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falls down by 19A% in March and decreases gradually till 
the miniraam value Is reached in July (Table 1 & Figure 4). 
Relationship with feeding 
It is quite apparent from the Table 1 that the 
serum protein values are high in the months of December, 
January and February. High values in these months appear 
to be due to active feedir:^ . Low values found in summer 
sKjnths are most probably due to less active feeding as the 
environmental conditions become quite adverse. Low value 
of protein in the spawning months (Monsoon), Inspite of 
active feeding is difficult to explain. 
The quality of food consumed also appears to 
Influence the protein content of the blood serum. High 
values are recorded in those months when the fish takes 
mainly protein food, constituted by gastropods, cypris, 
small forage fish and chlronomld larvae (Bhatt, 1966). 
In summer when the partial cessation of feeding occurs, 
the diet comprises of mainly decaying organic matter and 
cypris (3.3??) and no other food items like gastropods and 
forage fishes are recorded from the gut (Bhatt, 1965). 
Contrary to the present findings, previous workers 
have shown that the affect of diet is not very significant 
on the protein content of the blood (Booke, 1964b and 
Elliot et al., 1966). Booke (1964b) estimated serum protein 
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in Salvellntis fontlnalis for several months and found a 
very little variation In protein content In the fish In 
various months, although the difference In males and 
females were mil marked* However, he found high value 
of protein during sparing growth (March to May) and 
attributed it to high water temperature. Elliot ^ 
(1966) recorded low value of protein from April to -June 
in Chinook: salmon, as found in the present study. 
Relationship with spawning 
The other factor, which appears to affect the 
protein content in the blood serum of Singhi is the 
maturity and spawning of the fish. 
Decreasing protein values of the blood are 
accompanied with advancement In maturation of gonads, 
and the minimum value is obtained when the fishes are 
fully ripe (July and August). In the first transitory 
period or In post spawning months the amount of protein 
Increases indicating recovery from the exhaustion of 
spawning. In winter the fish accumulates a large amount 
of protein, which decreases In the subsequent months, 
showing a diversion of protein towards gonad building. 
Booke (1964b) has recorded low value of protein 
during pre-spawnlng period and increased values In the 
spawning months. He attributed low value of protein in 
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pre-spawiing season to Increased metabolic activity of 
the fish for gonad development. 
CHOLESTEROL 
Cholesterol content In the hlood serum of Singhl 
Increases from May and the maxlmuiB level is found In 
November (1126.0 mg./lOO ml.). Frois December onwards 
the cholesterol level decreases and minimum value is 
noticed in March (Table 1 and F i g u r e T h e cholesterol 
contents from March to July are more or less same (Table 1 
and Figure 6)* 
Relationship with feeding intensity 
Occurrence of high cholesterol values in first 
transitory period (October and November) is perhaps due 
to high rate of feeding during this period. The fish 
accumulates cholesterol in the blood in winter months. 
In the subsequent months less intensive feeding takes 
place and perhaps, the reserve cholesterol is utilized 
during adverse conditions. In the second transitory 
period less feeding ha^ been reported while in summer 
the condition becomes harsh and complete cessation of 
feeding may take place thus affecting the cholesterol 
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level of the blood. As soon as monsoon sets In, active 
feeding starts and consequently the cholesterol content 
in the blood serutn of Singhl also increases. Slddlqui 
(1966) has also recorded hl^h value of cholesterol during 
intensive periods of feeding and active metabolism in 
Qphicephalus punctatyi^ * Elliot §t (1966) found that' 
diet is an important factor, affecting the cholesterol 
content of the blood* 
Relationship with sexual maturation , 
Jfeturatlon of the gonad also appears to influence 
the cholesterol level of the blood. 
It is quite evident from the Table 1 and Figure 5 
that the cholesterol levels are low in the pre-spawnlng 
and spawning months. It is quite likely that the diversion 
of cholesterol towards gonad building In the pre-spawnlng 
may be responsible for low values, while low value during 
spawning season can be attributed to less metabolic activity 
of the fish. After spawning the -cholesterol content 
increases gradually in the blood. 
Siddiqui (1966) found similar seasonal trend in 
cholesterol level of Ophlcephalu^ mnctatus and attributed 
it to feeding intensity and cyclic changes of gonads. 
Elliot ^  al, (1966) has also recorded low cholesterol level 
Figure Seasonal variation in cholesterol 
content of Mood serum of 
Heteropneustes fossllls* 
Figure 6. Seasonal variation In Iron 
content of Heteropneustes fossllls< 
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in the blood plasma of Chinook salmon In summer season. 
IRON 
Iron in the hlood has been estimated over a period 
t 
of nine months only and the values are given in Table 1 
and represented In Figure 6. 
Seasonal changes in iron level of the blood do not 
show any definite trend. The amounts of iron range from 
37.90 Hig. in Mxgnst to 64.90 in July. The iron level is 
slightly higher in monsoon when the fishes are ready to 
spawn* Lower values are obtained In the first transitory 
period (October to November) and again in second transitory 
period (March to April). It appears that change in iron 
content is not inuch Influenced by feeding or spawning of 
the fish. Hess ^  ^i* (1928) reported high values of iron 
in the spawning period, as obtained In the present study. 
RELATIONSHIP AMONG VARIOUS BIOCHEMICAL CONSTITUENTS 
Inorganic phosphate and Iron 
Inorganic phosphate contents and iron lefels In 
blood show inverse relationship. It has been experimentally 
found in rat that If Iron to increased in diet, absorption 
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Of phosphate decreases, because of the formation of ferric 
phosphate, a highly Insoluble compound {Harper, 1961, West 
and Todd, 1961). 
In the present study also the two inorganic 
constituents of blood shov? an inverse relationship with 
each other, except in October and November ^ en direct 
relationship is noticed. 
Inorganic calcium and phosphorus 
In higher vertebrates, osslflcstion of bones and 
formation of teeth takes place at a particular ratio of 
calcium and phosphorus and these two inorganic constituents 
show reciprocal relationship. 
In Singhl phosphorus and calcluia show an Inverse 
relationship In the pre-spawnir^ season, a direct 
relationship In the spawning season (July to September) 
and again Inverse relationship In the post spawning months. 
Siddlciut and Slddiqul (1966) reported inverse 
relationship between Inorganic phosphate and serum calcium 
in all months. Their findings are not In agreement with 
the present results. 
Calcium and protein 
It Is very well knovjn that about half of the calcium 
in the blood is found in combination with protein and Is 
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Indlffusible, K^II© remaining half is in free ionic form 
(Harper, 1961, West and Todd, 1961 and Booke, 1964b). 
In til® serum of J|* fQ.3S^ i,8 changes in the 
concentrations of protein and calcium levels follow a 
similar course in peak spawning period (July to August) 
and in the period of active feeding (November to February). 
In other months the values are inversely related to each 
other. 
Increase in both calcium and serum protein levels 
during spaiiming season is comparable to th© findings of 
Booke (1964b)^  Bailey (1967), Ho and Venstone (1961) and 
Hess ^  ai* (1928). Booke (1964b) recorded direct 
relationship between serum protein and calcium level 
during spawning and found no relationship in other months. 
Alkaline phosphatase and inorganic phosphorus 
It is evident from the Table 1 that both alkaline 
phosphatase and inorganic phosphorus are in a direct 
relationship, except in pre-spawning months (March to 
July). In spawning season both constituents increase. 
High values of alkaline phosphatase and inorganic 
phosphorus In monsoon and winter are due to active 
feeding. In summer these two constituents show inverse 
relationship and are comparatively very low. SlddlQui 
and Slddlqui (1966) observed similar results in the blood 
serum of Qphlcephalus punctatus. 
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Alkaline phosDhatase activity and cholesterol content 
Alkaline phosphatase level In the hlood serum of 
Sinihi shows a direct relationship with cholesterol through 
out the year. 
Total serum protein cholesterol content 
Small amount of cholesterol is present in combination 
with llpo-protein. Ifiinter (1961) showed that 
relation between cholesterol and plasma protein In the 
blood of fishes resemble pathological condition in mammals 
Includlz^ man. 
Jh the pre-spawnlng season the blood serum 
cholesterol and protein show an inverse relationship with 
each other. Protein level gradually falls down as summer 
approaches, on the other hand, cholesterol content 
increases. During spawning (July to October) both the 
constituents increase and show direct relationship. In 
post spawning months they again do not show any relationship. 
Hess (1928) has shown that during spawning 
season, serum total protein, inorganic phosphorus, lipids, 
vitamins and other minerals increase. He attributed high 
values of such constituents during spawning to egg 
production, as the fish requires more energy during 
spawning. 
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IHTRODUGflOK 
It is well known that the biochemical constituents 
of the fish blood are subjected to marked seasonal changes 
and have been attributed to such physiological factors as 
spawning and feeding (Kawamoto, 1929, Sano, 1960a, Book®, 
1964a, 1964b and 1965, Siddiqui and Siddiqui, 1966 and 
Siddiqui, 1966). Elliot ^  (1966) suggested that the 
chemical composition of blood or body of animals is 
affected by age or size, besides being influenced by 
diet and other environmental factors. 
It has been shown that the level of calcium and 
total serum protein increases in the peak spawning period 
(Hess et al., 1928, Bailey, 1967 and Ho and Venstone, 1961) 
While in the case of Anguilla laponica, seasonal changes 
in serum protein are reported to be related to growth 
requirement and independent of age (Sano, 1960a, 1960b). 
in all these studies a tendency was shown for all 
the chemical constituents to be higher in the periods, 
when maximum feeding takes place (Siddiqui and Siddiqui, 
1965) or in spawning period (Booke, 1964b, Bailey, 1957 
and Ho and Venstone, 1961). The values are generally low 
in winter months, whem the temperature is very low and 
minimum quantity of food is consumed. 
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Similar changes have not been reported In carps. 
Therefore, the present Investigation Is mad© to ascertain 
If the ehemlcel constituents of carp blood show any 
seasonal variation in relation to feeding intensity, 
spawning and sexual maturity. - The chemical constituents 
estimated In the present study are alkaline phosphatase, 
phosphorus, calcium, total serum protein, cholesterol and 
iron. The arbitrary classification of the year In to 
various seasons in the northern liidla has been made after 
Khan (1967) and discussed In detail in chapter II* 
JLLRJLLINE PHOSPHATASE ACflVin 
Seasonal variations in alkaline phosphatase level 
in the blood serum of Mrlgal and Rohu are very well defined 
(Table 1, 2 and Figure 1 and 2). In both species the 
minimum alkaline phosphatase levels are found in monsoon 
(Mrlgal, 0.87 B.U. and Rohu, 1.13 B.TJ.). The level of 
alkaline phosphatase gradually Increases through first 
transitory period, reaching maximum in early winter 
(Table 1 and 2). After attaining maximum in winter the 
level of alkaline phosphatase falls down in summer 
(Mrlgal, 3.60 B.U. and Rohu, 2.52 B.tJ.). 
In both Mrlgal and Rohu the alkaline phosphatase 
level is higher In males than In females (Table 1 and 2). 
Figure 1. Seasonal variation In alkaline 
phosphatase level of the blood 
serusa of Clrrhina mrlgala. 
ft » Male Female combined 
a———0 Male 
o™-«o Female 
Figure 2. Seasonal variation in alkaline 
phosphatase level of the blood 
serum of Labeo rohita* 
Male ^  Female oombinod 
•o Mai© 
o—.™o Female 
S U M M E R MONSOON I T R A N S PER IOD W I N T E R 
SEASONS 
SUMMER MOfxiSOOiN I T R A N S PERIOD WINTER 
SEASONS 
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Except In mongoon, the alkaline phosphatase activity In 
Mpigal Is Jilgher than Rohu (Table 1 anta 2 and Figure 1^2). 
High alkaline phosphatase activity In the blooa 
sertim of both species, recorded In early winter coincides 
with a high rate of feeding in the same period« The 
quality of food consumed also appears to affect the 
alkaline phosphatase actlvily, as zooplariktons constitute 
the main Item of food in these months. Presumably 
accunnilation of alkaline phosphatase during this season 
of the year is meant for building up winter reserves, as 
least feeding occurs during severe cold. In post winter 
months fall in alkaline phosphatase levels In both species 
might be due to the subsequent diversion of the eni^me to 
mobilise the gonad building* 
The other factor which seems to affect the alkaline 
phosphatase activltgr In the blood serum of Mrlgal and Rohu 
is perhaps, the state of maturity and spawning of the fish. 
In late monsoon the lowest value of alkaline phosphatase 
In both the species may be the after affect of spawning. 
An Increase In alkaline phosphatase level in first 
transitory period Indicates quick recovery of the fish. 
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PHOSPHDBUS 
The inorganic phosphatase, on© of the most 
important constituents in the skeletal system of body 
is generally present in the form of phosphoric acid 
esters. It is liberated as phosphate ion by hydrolysis 
in the presence of a catalytic eni^e^ such as, alkaline 
phosphatase (Harrow, and Mazur, 1962). Its relation with 
calcium is of Immense interest in ossification of bones 
and other cartilagenous tissues <West and Todd, 1961). 
The importance of phosphoms in the metabolism of higher 
vertebrates is very well known (Harper, 1961, West and 
Todd, 1961 and Oser, 1966). However, the literature on 
inorganic phosphorus, reveals that no work has been done 
on the seasonal variations of inorganic phosphate in 
blood serum of maijor carps of India. 
The distribution of phosphorus in the blood serum 
of both the species follow similar pattern. Phosphorus 
contents in Mrigal and Rohu show a gradual increment from 
summer, when the values are minimum (7.60 mg./lOO ml. for 
Mrigal and 6.66 mg./lOO ml. of blood for Rohu). The 
maximum amount of phosphorus is obtained in early winter, 
when the values for f^ic•ig8l is 10.69 mg./lOO ml. and for 
Rohu 12.02 mg./lOO ml. of blood. 
Figure 3. Seasonal changes in phosphorus 
content of the blood serum of 
Clrrhlna mrli^ ala. 
Male & Female combined 
p. . o Male 
o« -o Female 
Figure 4. Seasonal changes In phosphorus 
content of the blood serum of 
Labeo rohlta. 
Male & Female combined 
-o Male 
o-^—o Female 
S U M M E R m o n s o o n 
s e a s o n . 
i t r a n s p e r i o d v m n t e r 
SIJ M M F R f ^ O ^ J S O O N I T D A M S P C R I O D 
SEASONS 
w i n t e r 
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Phosphorus content In Mrlgal during summer Is 
higher In females (8*20 mg./lOO ml.) than In males 
(7.00 aig./iOO ml.), while in monsoon the values In both 
the sexes are same (Table !)• In other seasons the 
values in males are high (Figure 3). But in Rohu, the 
values of phosphorus in bo^ the sexes do not show much 
variation (Table 2). However, in females the values are 
higher during the periods of intensive feeding (summer 
and early winter)* In both sexes the values of phosphorus 
show a gradual increment from summer to winter (Table 2 
and Figure 4). 
Phosphorus content in the blood serum of both the 
species appears to be related with feeding intensity and 
spawning. Occurrence of high values of phosphorus in 
first transitory period and in early winter is probably 
the result of Intensive feeding. It appears fishes 
accumulate sufficient amount of phosphorus in their blood 
as winter reserve and utllisie It during severe cold, when 
less feeding is reported. 
The other factor which might affect the phosphorus 
content of the blood is spawning and various stages of 
gonad maturation. It has been shown in punctatus that 
the phosphorus content in pre-spawning season is low, it 
increases In spawning period and remains high in the post 
spawning period (Report submitted to i.g.a.r., 1968). In 
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the present investigation similar pattern of changes In 
phosphorus content Is fotand. Both Mrlgal and Rohu 
recover soon after spawning as Indicated by high.values 
of phosphorus In first transitory period. 
Low values of phosphorus in winter is reported in 
nunctatug (Slddlqui and Slddlqul, 1966 and Report 
submitted to I.C.A.R., 1968). Contrary to these findings 
high values are found In early winter in the present 
study. Low values of phosphorus in winter In punctatus 
may be due to late spawning as the fish has been found 
with ripe gonads till October (Bhatt, 1966). It can be 
presumed that the low value during winter in py^ nctfitus 
is the after affect of spawning and the fish recovers 
after a prolonged period of feeding, as phosphorus content 
in the blood serum starts increasing from February* 
CALCIUM 
The seasonal cycle of serum calcium in both the 
species is more defined, although changes in calcium 
content follow different trends in Mrlgal and Rohu in 
various seasons of the year (Table 1 and 2 and Figure 6 6) 
Maximum level of calcium in the blood serum of 
mrlgalfi Is found in first transitory period (9.66 mg./ 
100 ml. of blood). In early winter the calcium level shows 
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a fall of (Table 1). In late monsoon (post spawning 
period) the calcium concentration further falls down 
(8.15 mg./lOO ml. of blood). Calcium values in monsoon 
and winter are higher in males than in females, while 
the females show higher calcium concentration in summer 
or in the pre-spawning period (Table 1 and Figure 6). 
^ohlta maximm conceatratioa of calcium la 
found in summer, when the females contain ripe gonads 
(10.90 mg./lOO ml. of blood) and the mininrum value is 
found in the first transitory period (Table 2). 
Intermediate values are fountJ in monsoon and winter 
(Figure 6). 
The values of calcium in all the seasons are 
generally high in males, though in females a rmich high 
concentration of calcium Is noticed In pre-spawning months 
(Table 1 and 2 and Figure 6 gind 6). 
High calcium concentration in both the species in 
summer, when the intensive feeding in carps has been 
reported (Das and Moitra, 1965) and low values in monsoon 
with less Intensive feeding. It appears that the 
seasonal variations of the cgilclum level of the blood are 
affected by diet. 
Siddiqui and Siddiqui (1965) reported an inverse 
relationship between calcium concentration in blood serum 
Figure 6« Seasonal changes tn Calcium 
content of the blood serum of 
Clrrhlna mrlgala. 
Male Female combined 
o, , , , o Male 
o——.-o Female 
Figure Seasonal changes in calcium 
content of the blood serum of 
Labeq rohi ta« 
»..,•„,.,„.., • Male & Female combined 
CL^—o Male 
o — - o Female 
z 
-L 
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S ' J M M h H h o n s o o n I t r a n s p e r i o d 
SEASONS 
w i n t e r 
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SEASONS 
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and feeding rhythm of Ophlceuhaltis mnctatus. although 
Philips ^  jl. (1968) found food as the only source of 
calcium in fish blood. 
Seasonal variations in calcium concentration also 
appear to fee affected by spawning and state of gonad 
maturation. From the data presented in Table 1, it is 
quite apparent that Mrlgal recovers soon after spawning, 
as indicated by an increase in calcium level in first 
transitory period. While Rohu appears to recover after 
a prolong period of Intensive feeding. High values of 
calcium in pre»spawning season migh be due to high 
requirement of calcium for egg production. This can be 
further supported by the fact that the fall in calcium 
level from pre*spawning to post-spawning in females is 
much more higher (Mrlgal, 17.S^ and Rohu, 46^). On the 
contrary, the calcium levels in males of both the species 
remain almost same. 
Similar result has been reported by Booke (1964b) 
for Salvellnus fontinalls. He reported high value of 
calcium in females during spawning season and noticed a 
fall in calcium level in post spawning months. He did 
not observe any marked variation in calcium levels in 
various months. High values of calcium during spawning 
season In females have been reported by Hess gt (1928) 
in cod. Bailey (1957) in gold fish and Ho and Venstone 
(1961) in sockey salmon reported an increase In calcium 
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level In females when estradiol (a follicular harmone) 
was injected. Siddiqui and Slddiqui (1966) have 
reported high values of calcium in pre~spa\ming period 
and a sudden fall in calcium just after spasming in 
Q« punctatus* In their study the level of calcium 
gradually increases in post-spawning season, as has been 
reported in the present study. 
T01!AL SERUM PBOTEIH 
Total protein in the blood serum shows a very 
narrow range of variation with in the two sexes and 
even with in the two very closely species (Table 1 
and 2). Mcigal and Rohu show different patterns of 
variations in total serum protein content durii^ various 
seasons of the year (Figure 7 and 8). 
Protein content of the blood serum shows seasonal 
variations in C. mri^ala with the highest values occuring 
in winter and lowest value In first transitory period 
(September and October), when tJae spawning is just over 
(Table 1). Protein concentration for summer (2«96 gm./ 
100 ml. of blood) is more or less same as obtained for 
winter (Table 1 and Figure 7). 
The protein concentration does not show a very 
clear picture of the events in L. rohita^ however, the 

Figure 7. Seasonal changes in protein 
content of the blood serum of * 
Cirrhina mri^ala* 
Hale & Female combined 
a — 0 Male 
o — — 0 Female 
Fignr® a, S^^soml ahanges in protein 
content of the blood serum of 
Labffo rohita. 
Male & Female combined 
-0 Male 
0———o Female 
s u m m e r M o n s o o n i t r a n s p e r i o d w i n t e r 
SEASONS 
s u m m e r MONSOON I TRANS PERIOD 
SEASONS 
w i n t e r 
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values are found to be high in late monsoon ana first 
transitory period, though mastinaum value is obtained in 
October and minimum value is recorded In June and 
December (Table 2 and Figure 8). 
Many workers have also reported high values of 
protein in fishes during pre-spawning, spawning and 
sparing growth periods (Hess ^  al«, 1928, Bailey, 1967, 
Ho and Venstone, 1961 and Booke, 1964b). 
As reported earlier in C. |Birigala high values are 
found in fishes containing ripe gonads and during 
intensive feeding periods. Similar results have been 
reported in SalvelijRUs fontinalis (Booke, 1964b). No 
constant trend in total serum protein of L. yohita is 
noticed. Therefore, it is not possible to correlate the 
changes in protein, either with spawning or feeding rhythm. 
CHOLESTEROL 
As mentioned earlier cholesterol plays an important 
role in fat metabolism. More than half of cholesterol is 
found in combination with fatty acids as lipids. The 
cholesterol in blood mostly occurs in ester forms and 
about 30^ to 40% are in free state (Harper, 1961, West 
and Todd, 1961, Iferrow and Masair, 1962 and Oser, 1965). 
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Maxlnaum cholesterol content In both the species 
is found in the first transitory period, when values for 
Mrigal and Rohu are 366.13 mg./lOO ral. and 301.60 mg./ 
100 ml. of blood respectively. Daring early winter, 
cholesterol content goes down by 1$ In Mrlgal and 2.b% 
in Rohu (Table 1 and 2 and Figure 9 and 10). Cholesterol 
content in Mrigal for summer and monsson is same (Table 1). 
VJhlle in the case of Robsu the value of cholesterol content 
increases by from summer to monsoon (Table 2, Figure 10) 
The males and females of Mrlgal do not show any 
marked variation in their cholesterol content. In Rohu, 
A 
cholesterol content in the blood serum of males increases 
from summer to first transitory period. A fall in 
cholesterol content by Zf% is noted in males during winter 
(Table 2). In females the values increase from summer to 
monsoon by 18^ and remain constant till first transitory 
period (Table 2). However, the values fall down by 23^ 
in females in winter (Table 2). 
Seasonal variation in cholesterol content is 
perhaps due to seasonal feeding rhythm and maturation of 
gonads. In both species high values of cholesterol in 
blood serum during first transitory period seems to 
coincide with high rate of feeding. Cholesterol content 
in both the species in early winter remains quite high, 
Indicating the building up of winter reserves. The 
Figure 9. seasonal ehsnges in cholesterol 
content of the blood serum of 
Cirrhlna mrlgala* 
Male & Female combined 
0 0 Male 
0 — o Female 
Figure 10. Seasonal changes In cholesterol 
content of the hlood serum of 
Labeo rohltft* 
».i I. Male & Female combined 
o....,....-,-.„.„o Male 
0 — o Female 
S U M M E R MONSOON 
SEASONS 
I T R A N S P E R I O D W I N FEn 
£ 
o o 
o 
\ 
tn z 
D a: 
L J j 
h -
(T) 
LU 
_ ] 
O 
X 
o 
3 5 0 h 
3 0 0 
£ 5 0 h 
SUMMER M O N S O O N I T K A N S P E R I O D W l N F E K 
S E A S O N S 
144 
quality of food the fish consumes, also appears to 
affect the cholesterol content In the blood serum. It 
has been expsrt»entally shovin by Slllot ^  (1966) 
that high Values of cholesterol are obtained for the 
fishes which were fed meat diet than those given meal 
diet. Thus high values during winter is perhaps due to 
feeding mainly upon zoo planktons. He also reported 
high cholesterol content for fishes taking meat diet in 
winter and low values of cholesterol in summer months 
for both group of fishes given meat and meal diets* 
His findings are in close agreement with the results of 
the present study. 
It appears that the fish serum accumulates 
sufficient cholesterol in post-spawning period for winter 
when less food is consumed. Low cholesterol content in 
pre-spawning season, in both the species, indicates the 
possibility of mobilisation of serm cholesterol towards 
gonads. Siddiqui (1966) reported low value of cholesterol 
in pyinctatup in pre-spawning months and suggested that 
it is due to gonad utilization of cholesterol. His 
findings are comparable to the results obtained for Mrigal 
and Rohu* 
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IROK 
Iron contents in the serum of Mrigai do not vary 
much In different seasons of the year* Maximum level of 
Iron is fotmd in summer in both Mrigal and Rohu (36.16 mg./ 
100 ml. and 33.28 mg./lOO ml. of blood, for Mrigal and 
Rohu respectively). A sharp fall In iron content is 
noticed in both the species from summer to late monsoon, 
the fall is by 14.3^ for Ifrigal and 11.8^ for Rohu 
(Table 1 and 2)* The values then increase in the first 
transitory period (Table 1 and 2)# 
The level of Iron in males are generally higher 
than in females, except In summer for Mrigal and winter 
for Rohu (Table 1 and 2). 
Variations in iron content of the blood show a 
close relationship with the feeding intensity of the fish. 
High values of iron In both the species during summer, 
is perhaps, due to active feeding prior to spawning. A 
sudden fall in iron content in late monsoon appears to 
be due to spawning. However, in first transitory period 
the level of iron increases, which coincides again with 
the active feeding phase of the fish. 
Variations in iron level can be more closely 
related to maturity of the gonad of the fish and spawning 
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laehaviour. Maxlimim value found Just prior to spawning, 
indicates high requirements of iron for gonad building. 
The Values suddenly fall down as the fishes become spent, 
and recover soon in first transitory period because of 
intensive feeding. 
It can be concluded that the iron level in the 
blood of Mrigal and Rohu Increases with maturing gonads 
reaching maximum when the fishes contain ripe gonads. 
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INTRODtJCTION 
Only a few biochemical studies on the blood serum 
of Indian fish have been made. Das (1961) has reported 
the blood chemistry of three major carps, while Siddiqui 
and Siddiqui (1966) and Siddiqui (1966) have dealt with 
the biochemical constituents of Qphicephalus mnctatus. 
Other studies on the biochemistry of fish blood 
serum are those of Kawamoto (1929) on Japanese eel, 
Field ^  111. (1948) on carps and trout, Vars (1934) on 
some freshwater fishes, Booke (1964a, 1964b and 1965) on 
yearling brook trout and lake whitefish. Sano (1962b) 
has reported the affect of starvation on the chemical 
constituents of blood serum, while Elliot (1966) 
have found the affect of diet on few of the constituents 
of the serum. Besides these references the notable ' 
contribution on the chemical composition of fish blood 
serum are those of Field ^  (194S), Irisawa (1964), 
Saito (1964b), Engle (1958), Phillips ^  (1968), 
Chandrashekher (1969), Jonas (1960), Drilhon £t (1961), 
Shall (1961), Croston (1964), Das (1965) etc. 
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ALKALINE PIg>gPH/lT^ SE ACTIVITY 
Alkaline phosphatases, a group of non-specific 
enaymes, act upon phosphate esters, such as glycerophosphate 
etc*, to liberate phosphoric acid and consequently the 
inorganic phosphatase. The phosphorus which is thus 
released takes part in hydrolysin^ the calcium 
hexo«mono-phosphate to yield insoluble tri-calcium 
phosphate (Stadtman, 1961). Alkaline phosphatase plays 
an important role in ossification of bones and teeth 
(Roche, 1950, Oser, 1966) and has also been reported to 
be associated with renal and intestinal resorption of 
sugar and fatty acids. It also takes part in cell 
metabolism (Roche, 1950). Presence of alkaline phosphatase 
in fish scale has been reported by Coble (1966). A great 
deal of work has been done on the alkaline phosphatase 
level of mammalian blood serum and variations in alkaline 
phosphatase level have been attributed to many factors 
(Roche, 1950 and Hadsen and Tuba, 1952). Among fishes, 
Croston (1964) observed differences in alkaline phosphatases 
levels in the blood serum of three groups of salmon. vMle 
Siddiqui and Siddiqui (1966) have reported a direct 
relationship between alkaline phosphatase level and 
inorganic phosphate content in the blood serum of 
Qphicephalus punctatus. 
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The present study gives a detailed account of 
alkaline phosphatase level In the blood serum of three 
major carps, namely, Catla catla (Ham.), Cirrhina ^ i^ala 
(Ham.) and Labeo rohita (Ham.) and two cat fishes, 
Wailogonia a'^ tu (Bloch and Schneider) and J. fossills 
(Bloch). 
Results and discussion 
fhe alkaline phosphatase levels, for different 
fishes have been given in Table 1. It can be seen from 
the table that cat fishes are found to have higher level 
of alkaline phosphatase than those of carps. Maximum 
level of alkaline phosphatase is found in J|. fossllis, 
where it ranges from 3.62 to 13.00 B.U., with a mean of 
7.36 + 0.6421 B.U. In attu^  the level of alkaline 
phosphatase is lower than H. fossilis and is much higher 
than the values obtained for the carps (Table 1). Males 
show high level of alkaline phosphatase, with large mean 
Individual variations (Table 1). 
iill the three species of carps show different 
ranges in alkaline phosphatase values reflecting specific 
differences. These differences are most probably due to 
diet differences among the three species, as they feed at 
different levels and consume different types of food. In 
eatla^  a surface plankton feeder, the values of alkaline 
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phosphatase range from 0*6 to 6.72 B.U., with a mean 
of 2.86 + 0.7126 B.tJ. In L. Rohita^ a herbivorous mid 
surface feeder, the range of alkaline phosphatase level 
is 0.26 to 7.80 B.tJ. and the mean is 3.06 + 0.6486 B.TJ. 
The maximum range of 0.88 to 10.62 B.TJ. with a mean of 
4.27 ^  0.6198 B.TJ. is fotmd in mri^ala^ which mainly 
feeds at the bottom. The males in all the three species 
show more individual variations than females (Table 1). 
No significant variations are noticed in the phosphatase 
levels of males and females (Table 1). 
The above results show that differences in 
alkaline phosphatase level are probably dependent upon 
the quality of food which the fish consume. Higher 
values of alkaline phosphatase in cat fishes (jif. attu 
and H. ^ pje^ ilis) are due to the fact that these fishes 
are carnivorous. Among carps, C. mrigalaf a bottom 
dweller, shows maximum alkaline phosphatase level. As 
alkaline phosphatase diffuses in the blood from various 
tissues and reflects the net result of physiological 
influences, the variation in phosphatase level in different 
species are probably due to physiological differences. 
INORGANIC PHOSPHDRPS 
Phosphorus is one of the most important constituents 
of the fish blood. It along with cfilelnm plays an important 
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role In ossification of cartilaginous tissues and teeth 
(Harper, 1061)• 10% of the total blood phosphorus is 
present in corahination with protein, lipid, carbohydrate 
and calcium, while 80^ of body phosphorus along with 
calcium is found in bones and teeth. Most important 
function of phosphorus Is to provide energy, when 
hydrolysed from phosphate esters (Harper, 1961). It is 
also concerned with absorption of sugar from intestine 
and resorption of glucose from kidney tubules. 
Results and discussion 
Maximum phosphorus content is found in attu 
(Table 1). The values range from 10.0 to 18.6 gm./lOO ml. 
and the mean is 16.00 + 1.6105 mg./lOO ml. of the blood. 
Males are found to have higher phosphorus content 
(16.76 + 0.8839 mg./lOO ml.) than the females (14.26 ^  
3.0062 mg./lOO ml.). However, females show much more 
individual variations than males (Table 1). In 
J. fosslll^, phosphorus content is found to be much lower 
than attu. Phosphorus content in fossills ranges 
from 8.4 to 18.2 mg./lOO ml. and the mean is 10.33 
1.3846 mg./lOO ml. of the blood. 
Among carps, phosphorus content is found to be 
lowest in C. ynrlgala, where the mean value of phosphorus 
Is 9.06 + 0.2967 mg./lOO ml., with a range of 7.2 to 
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13.8 mg»/100 ml. of the blood. In both C. mrlpala and 
rohlta phosphorus values in males are higher than In 
females (Table 1). catla sho\?s maxiiaum phosphorus 
content among carps* The phosphorus content ranges 
from 7.6 to 13.6 mg./lOO ml., with a mean of 11.09 + 
0.S208 mg./lOO ml. of the blood. In C. catla males are 
found to have lower value of phosphorus (10.74 + 0.9598 mg./ 
100 ml. of the blood) than females (11.44 + 0.4536 rag./ 
100 ml.) and show more individual variations than females. 
Siddiqui and Siddiqui (1966) have reported much 
higher values of phosphorus in Qphicephalus ,punetatus 
than the values obtained for various freshwater fishes 
in the present study. 
CALCIUM COMTENT 
Calcium of the blood occur entirely in plasma 
and exist in three forms, diffusible (40 - of total 
blood calcium), non-diffusible (40 - 50^ of total blood 
calcium) and a small quantity in the free state 
(Kolmar e^ , 1951, Harper, 1961.and West and Todd, 1961). 
The level of calcium is influenced by protein concentration 
in the blood and presence of inorganic phosphate 
(Kolmar jjl., 1951). 
- ? « 
Results and discussion 
Serum calcium concentration in all the species 
investigated, varies from 6.1 to 14.4 mg./lOO ml. of the 
blood. Maximum calcium concentration Is found in 
M* fossil!3 where it ranges from 9.0 to 14.4 mg. with a 
mean of 11.11 + 1.6712 mg./lOO tal. of the blood. Lowest 
valu® of Is obtalne^ i Itv M* (rang®, 6.1 to 
9.0 mg., mean 7.22 + 0.6070 mg./lOO ml. of the blood) and 
mean individual variation-is found to be quite large (37.6^ ) 
Among carps, calcium concentration does not vary 
much. Maximum calcium level is found in catla (9.39 + 
0.3341 mg./lOO ml. of the blood). Next to it is L. yohita 
where the mean value is 9.24 + 0.4117 mg./lOO ml. of the 
blood. Lowest value of calcium is found in C. mrigala 
(range, 7.30 mg. to 11.50 mg., mean 8.79 + 0.2522 mg./ 
100 ml. of the blood) which is a bottom dweller. Maximum 
mean Individual variation is found in rohita ^  while 
minimum is obtained in C. ca^la. 
In carps calcium concentration in males are higher 
than in females, though the values in males do not vary 
much in all the three species of carps (Table 1). In 
M* fittu^ females are found to have imich higher calcium 
level (8.30 + 0.6193 mg./lOO ml.) than the males 
(6.13 + 0.0331 mg./lOO ml.). 
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Field ^  jJ., (1043) reported similar values of 
caloitim In the serum of Cyprinu_^  garpio as found in 
J' fossllir^  in the present study. 
TOTtiL SERUM mOTEIN 
Protein is the jna^ or constituent of serum and 
coraparises of albumin and globulin. Booke (1964b) 
reported that protein concentration in blood serum of 
fish is directly related to the metabolic activity. 
He further pointed out that reserve serum protein 
increases when anabolic process exceeds the catabolic 
process. 
Results and discussion 
Total protein contents of two cat fishes are 
found to be almost sam^ but higher than'carps (Table 1). 
Among carps, majtimum protein content is found in 
cfitla (3.03 + 0.2420 gm./lOO ml.) and the minimum in 
mylgala. Intermediate values are found in L. rohita 
(Table 1). 
In all the species investigated, the males are 
found to have higher protein concentration than females 
(Table 1). The protein contents of males and females 
im 
also increase from bottom dweller mrifiala to surface 
feeder C» eaUfi, 
The difference in protein concentration of various 
species appears to be due to different dietary habits. 
The cat fishes which are carnivorous and consume animal 
protein food are found to have highest protein content. 
In their blood serum. While in carps comparatively lower 
values of protein are found and seems to be related with 
herbivorous and plankton feeding habits* imong carps the 
protein level is greatly Influenced by the diet. C. catla 
a surface plankton feeder mostly consuming zooplanktons 
shows the highest value, while mrlpala which feeds 
mainly on decaying organic matter shows the minlsmm ' 
protein value* |j. rohita^ a mid surface, herbivorous 
shows intermediate values. 
Booke (1964b) and Elliot ^  (1966) did not find 
any marked Influence of diet on the protein level of the 
blood serum. 
A very similar result as obtained in the present 
study has been reported by Das (1961) for the three species 
of major carps namely, Cat;ia catla^  La^^o rohita and 
Cirrhina mrlga^a. He obtained almost same pattern of serum 
pr9teln distribution In three species as found in the 
present work. However, he reported slightly higher values 
of protein concentration in all the three species, when 
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compared to the findings of present study. The difference 
might be, perhaps, due to the different environmental 
conditions. Field ^  i^l., (1948) reported much higher 
values of protein in Cyprlnus earplo (range, 3.27 to 
4.76 gm./lOO ml. of the blood, mean 4.16 gm./lOO ml. of 
the blood) while In trout the protein content is comparable 
to that of J. fpssllls. He pointed out that there occurs 
a great difference In the contents of protein fractions of 
two species and the difference in total protein content is 
not much apiJarent. Sano (1962a) has shown that the 
protein content, when estimated by refractometer, is higher 
Angullla japonica. followed by rain bow trout and then 
carps. He also mentioned that in eel the values are higher 
in first group (sampled S 10 hours after feeding) than 
second group (sampled 24 * 30 hours after feeding). He 
attributed low value in second group, to the fact that 
sugar, fats and other matters which have been absorbed into 
the blood after feeding were stored in different organs of 
fish or consumed with the passage of time (2nd group). 
Sano (1962b) in his other communication reported that 
protein concentration in blood serum does not change, when 
eel are kept In starving conditions for 90 days. Winter ^ 
(1961) reported that plasma protein showed a trend of 
Increasing complexity from generalised species to more 
specialized species. 
im 
C H O L S S m O L 
Cholesterol Is widely (Slstrlbuted In various 
tissues of animal body and occurs both in free and 
estrified form. It is present in fairly large amount 
in other tissues, but is found comparatively in small 
quantity in the blood of fish (Siddiqui, 1966). Same 
pattern of cholesterol distribution has been reported 
in higher vertebrates including man (Harper, 1961 and 
West and Todd, 1961). 
A survey of the literature shows that very little 
attention has been paid on Idae cholesterol content of the 
fiah inspite of its importance in lipid and fat metabolism. 
Noteable references are those of Field jgjb (1343), 
ainter (1961), Elliot gj^  (1966) and Siddiqui 
(1966). The present study deals with the quantitative 
estimation of cholesterol in the -serum of common food fishes. 
Results and discussion 
Both species of cat fishes show higher concentration 
of serum cholesterol than found in carps (Table 1). Maximum 
cholesterol value is found in J, fpssilis,, with a mean of 
616.0 + 126.61 rag./lOO ml. of the blood. In attu . 
cholesterol content in the blood serum Is much lower than 
that of J. fossilis and ranges from 210 mg. to 437.6 mg./ 
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100 ml., with a mean of 324.20 + 27.69 mg./lOO ml. of the 
blood. The values in males are higher than In females 
(Table 1) with large mean Individual variation. 
Among carps, maxlimim cholesterol content is found 
ii^  9.* mrigala. a bottom dweller. The values range from 
160 mg. to 676 mg./lOO ml., with a mean of 307.84 + 19.29 rag./ 
100 ml. of the blood serum. In catla and rohlta the 
cholesterol level is exactly the same (Table 1) though 
mean individual variation in L. rohita is much higher than 
C. ss^lg. Except in C. mriftala^  where the cholesterol 
contents in males are lower than females (Table 1), all 
other species show higher values of cholesterol for males 
than females (Table 1). In mrigala both sexes show 
large individual variation. 
i&inter (1961) pointed out that cholesterol 
level in blood plasma of sharks and ganes are in the same 
range as in mammals, but in other teleosts the values are 
much higher,as found in the present study. He further 
showed that relation between cholesterol and plasma protein 
is of immense importance in pathological conditions in 
higher vertebrates and the same is also true for the 
cholesterol and protein relations in fish. Billot ^  1^,* 
(1966) experimentally found that diet has a great influence 
on cholesterol content of serum. He observed no variations 
in blood serum cholesterol of salmon flngerlings, which 
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were gi^ ren meal diet. Cholesterol value for this group 
of fishes is more or less constant at atout 300 mg«/100 ibI. 
of blood, Bttt to other group of flshesi when meat diet 
is given the serum cholesterol showed a great elevation in 
its content. He finally concluded that cholesterol level 
is much affected by diet and diseases. In the present 
study, also the cat fishes which mainly feed upon the 
animal food are found to have higher cholesterol level 
than those of carps, which are exclusively plankton 
feeders. Field ^  (1943) reported that carp blood 
contains approximately twice the amount of lipid present 
in the human blood and the cholesterol in carps accounted 
for more than half of the lipid, while more than half 
remains in free form. In the present observation it has 
also been noticed that the carnivorous fishes contain 
higher protein along with cholesterol level in the blood 
serum. 
IRON 
In addition to the iron bound as haemoglobin, a 
small amount is also found in ionic form and In combination 
with many important proteins. These proteins serve as 
store for iron and mobilization of iron occurs whenever 
needed. A large amount of iron is stored in haemosiderin 
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v^ iich is beta globulin fraction of plasma protein 
(Harper, 1961, West and Todd, 1961 and Oser, 1966)• 
Various types of anaemia oceur when there is an iron 
deficiency in blood. Ixi anaemic condition if iron is 
given adequately in diet, it will be readily absorbed 
through the Intestine and converted into heme, which 
combines with protein and globulins to form haemoglobin 
(West and Todd, 1961). When haemoglobin breaks down the 
liberated iron is again utilized for haemoglobin production. 
Hall and Gray (1926) have shown that In Manheden the level 
of iron in blood Increases, when the fishes are kept in 
asphyxial conditions. The changes in iron level is 
proportional to the length of asphysdation time. 
Results and discussion 
Iron level in blood plasma of different fishes 
have been given in Table 1. Maximum level of iron is 
found in Jg. fpssjLlis. The values range from 37.90 rag. 
to 64.96 mg./lOO ml. of blood and the mean is 42.06 + 
4.9116 mg./lOO ml. In jif. attu the values are very low 
in comparision to H. fossilis and the difference is 37.6^ 
(Table 1). The males are found to have higher haemoglobin 
content than females (Table 1). 
Among carps, maximum iron content is noticed in 
catle^  ranges from 27.61 - 48.32 mg./lOO ml., with a 
162 
mean of 34.44 + 2.4826. While in r^lgfila and 
h* JESMJ&gsi level Is more or less same 
(Table 1). In all the three species of major carps, 
higher contents of Iron is found in males than In 
females (Table 1). 
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In thQ present study a systsmetie and thorough 
analysis has been firstly, of the physical properties 
of the blood of major carps and other freshi^ ater fishes 
and, secondly, of the changes occurring in biochemical 
composition of the blood of these fishes in various seasons 
as %rell as with advancing age of the fish* 1!he r^^lts 
obtained have been arranged with respect to different 
lengths, weights, maturity of the gonads of the fishes 
and at different seasons of the yeer. 
PACKED CELL 
ffean packed cell voluraes in Cirrhina mr^ |gela and 
Labeo rohlta are S6.S6 + 1*24.% and 34»76 ± 1.76Jf respectively. 
Maximum value of packed cell volume among carps Is obtained 
in Catle p^tla C46.10 + 0t79^) • In Qphlcephaltis y^ i^ ctptu^  
©nd Clarias ,magur the values are almost the same (47.06 + 
0.92^ and 48.32 ^  respectively) • The mlnitnum value 
of packed cell volume is obtained in Wallogonift attu 
(38.88 * while taaxiraum packed cell volume is found 
gyabranchus bengalensis (66.78 + 1.12J?). In all tile 
species investigated, males show higher value of packed 
cell volume than the fesneles. Mr breething fishes are 
found to show high haemstocrit vwlues. 
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3ji raa^or carps, high value of packed cell volume 
is ©btainefi In summer, ^tfiile the minimum is found In winter 
which appears to be due to lack of food and very low 
environmental temperature. The maximum value of packed 
cell volume is noticed in ripe fish (IV stage of gonad 
maturity) and minimum is found in Immature fish. 
Significant variations at different lengths and weights 
of the fish is also found in both Cirrhina mripalfi and 
Labfip Tohita. 
HAEMOGLOBIN 
Mr breathing fishes (£* magur^ J. fossills and 
Q.' striatus) show much higher level of haemoglobin than 
the rest of the fish species investigated. In ma^or 
carps the maximum level of haemoglobin is obtained in 
patla (10.13 i 0.47 gm./lOO ml.). G. inr^ gala and 
L. rohita did not show much difference in their haemoglobin 
contents. (C. ffiSigala, 9.1S2 + 0.36 gm./lOO ml., L. rohita 
0.006 + 0.38 gm./lOO ml. of blood). In all the three 
species of carps higher level of haemoglobin is found In 
males than in females. The lowest haemoglobin content 
is found in ^ttu (mean 9.00 + o.S2 gm./lOO ml, of blood). 
Seasonal variations in haemoglobin contents of 
mrlgala and L. rohita are well defined* Maximum 
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haemoglobin content fo^ rnd in suiraaer is most probably due 
to intensive feeding. Lowest value of haemoglobin in 
both the species during winter ig in response to a very-
low environmental temperature and low metabolic activity 
of the fish, Eipe fishes of botii species show high 
haemoglobin content as reported in several other species 
by various authors. The haemoglobin distribution at 
various length and weight groups follows the same pattern 
as reported in higher animals. Initially haemoglobin 
level is high, then fall down in mediua sisse fishes, again 
increases and becomes constant afterwards. 
@YTHRCX:Y1!E COTOT 
Maxitaum rmmber of erythrocytes are found in 
iJunetatfts (3,220,386 + S3600 Next to it are 
rnagur (2,820,769), J|g. ,f,oppilis (2,6668,383) and 
bengalensis (2,364,440). The lowest count is obtained 
^or M* P^P^ (2,149,376 / mi!^ ). Among carps maxiiaum value 
is obtained in catlft (2,682,363 + 86,600 / mm®), while 
in Mrigal (2,292,866 + 12,840)and Rohu (2,293,691 + 17,860) 
The counts are almost equal* il^  all species investigated, 
higher erythrocyte counts are found in males than in females. 
The erythrocyte counts in both Mrigal and Rohu are 
high in summer and low in winter. Pishes containing ripe 
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gonads show fflaxltmita immber of erythrocytes. Vihen the 
data is arranged according to various length and weight 
groupsI the pattern of variations in erythrocyte counts 
are similar to that noted for haematocrit values and 
haemoglobin contents In both the species® 
LEUCOCYTE CQPHY 
The leucocyte counts in different species do not 
vary much. The mean values of different species range 
between 6,0S9 to 6,680 / Bsm®. The variation is also 
fflinimm in between two sexes, in fishes of different 
maturity stages and.at different lengths and weights. 
Seasonal variation In leucocyte count is not apparent. 
DIFFERENTIAL CQUN!)^  
Differential counts on three species of major carps 
were made. The thrombocytes are found to be the maximum 
in Mrigal ( 6 4 a n d minimum in Rohu (60.2f). Large 
lymphocytes are rare and its percentage in all the three 
species are idential. While small lymphocytes are maximum 
in Bohu. Mean percent of neutrophils in all the three 
species varies from 3.6 to 4.0^. In Catla eosinophils 
ranges from 0.0 to 3.0^ of total leucocyte counts. While 
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In Mplgal aM Rohu, the counts are similar. Basophil is 
only noticed in Rohu. All the three species of major carps 
comes under Dawson II an<3 III groups. 
CLOTTIM TIME 
The ©aximum clotting time Is found in C. catla 
(52.76 + 2.90 see.) and mrlgala (52.25 + 6.48 sec.). In 
h' rohita. jjf. attu^  C. magur and If. fpssili^ f the mean 
clotting times are 34.4 + 1.72, 33.0 + 1.65, 35.97 +1.63 
and 42.0 jK 2.00 seconds respectively. The minimum clotting 
time is found in punctatus (17.63 + 1.11 sec.). 
jSBSOLUTE VALUES 
The absolute values are also calculated from the 
above mentioned results. Coefficient of correlation between 
packed cell volume, Hb and BBC have also been calculated 
and significant values are obtained. 
Seasonal variations and affects of various 
environmental factors e.g., temperature, dissolved oxygen 
concentration, carbon dioxide, hydrogen ion concentration 
and diet have been also studied and statistically 
significant relationships are found. 
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PHOSPHATMB AG'Smm 
Maximum level of alkaline phosphatase activity Is 
found in J* fos^lli^ (mean of + 0*6421 B*tf.)» In 
M' ftttt (9.60 although the value Is saach lower than 
J* yo^flijllfi. yet it is higher than the values found for 
oarps* MQHg carps ma^ cinmiQ value of alkaline phosphatase 
is found in mrifa^a (4*27 • 0*6298 B.tJ.) and the 
minitaum in ca^ la« the alkaline phosphatase level in 
males is higher than in females of all the species 
investigated. Alkaline phosphatase level is markedly 
influenced fey the diet which fish takes. It is generally 
high in carnivorous fishes and low in herbivorous and 
bottom feeders* 
PHOSPHDRtJS 
Maximum amount of phosphorus is found in fttta 
(1$,00 Jt 1.6106) and in J. ^ o^sil^p (lO.SS • 1,7492 m*/ 
100 ml*)» Among carps the lowest phosphorus content is 
found in C* mrigala (9»044 ^  0,2967 mg./lOO ml*), mile 
•UK mil iimmii miii mi ^ 
and cfi^ la the phosphorus contents are 
10*42 Jt 0#6220 and 11»09 + 0.6208 n®»/100 ml. of blood 
respectively. 
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Ci&CIgM 
Oalclim ©onedntratlon in th® Ijloodi setuia of all the 
speeies Iturestlgated^  varies from €*1 mg* to 14*4 sig./lOO ml. 
@f blood* MaElSRi,® siaount ©f calcium is found In fossills 
(11 .ll + 0«9763 of the blood), and the lowest 
value is obtain In iJ* fi^tfi (?«72 • 0«6670 nsg^ /lOO ml,)» & 
the three species of oarps the values do not vary ttmoh* 
The laean values for fiatla^ rohtta and gyigaila are 
9*39 + 0.8241, 9,34 ^  0»4H7 and 8.79 + 0»2523 lOg./lOO ml. 
Of blood respectively, M nil the three species of earps 
the values In males are higher than in females* 
fOf jfl. SEKOM ^ OfBIH 
Protein contents in j ^ * att^ <3«8©0 * 0*2389 gm./lOO ibI*) 
Ji* fo^ si^ ^^ ^ (a#697 Jt 0*2888 gm./lOO ml.) are itore or less 
same* major earps the values gradually decrease from 
surface feeder catlft (3*030 + 0.2429 gffl*/100 ml.) to 
bottom feeder £* mr^^fla (2*327 ^  0*2064 gm./lOO ml.), 
^galn the values in males are higher than In females* fhe 
difference in protein oontent in different species is due 
to different dietary habits* 
- ? « 
CHQLESfBROXi 
The eholesterol level In tlie fls)% Mood Is mxeh 
higher than that of ntaHf Maxlunim level of cholesterol is 
fotma in jrosgili,s (616»00 • 62#M82 ®e»/lOO inl.). In 
ii* fiit.ta the cholesterol level is imch lower than J. fos9ilj.s 
la Is* <2fiS^ 8 4 16.27 fflg./lGO ml*) and eatl^ 
(263*3 12*33 fiig*/100 ial«} the cholesterol content is 
almost same* g* fflri^al^ the mean cholesterol level is 
307*84 4 19286 fag./lOO ml* of blood* Uhe cholesterol 
content in all the species except in mrigala is higher 
in males than in females* 
m o H 
Maximum iron content is found in J* foasilis (42,06^ 
4*9116 fflg,/100 ml*)* In level is comparable 
to nyi^ filft and L. rohi^ pt* Among carps maximttm iron level 
is found in £* (34*44 ^  2*4826 mg./lOO iril*)* 
SMSOH/X ?ARIATIQK8 
iO^ C,ALIKE PHOSPHATASE 
Haximum level of alkaline phosphatase in J. fos^ilis 
is found in November (18*00 B*U.) and gradually decreases 
- ? « 
till Hay (3.63 When the envlrozmental conditions 
adverse, as the ponds usually dry up. 
In Q&TpB mlnlsRam level of alkaline phosphatase in 
hoth species sari^ ala and rohita la found in late 
monsoon (Mrigsl 0#87 B»tl#, Boha 1*13 B.H.). I^e maxlimiiB 
level is found in early winter trough first transitory 
period <l&igal ©•24S B.tl«, Eohu a*aSO B.tl.)* Mkaline 
phosphatase level then decreases in summer* Variation in 
alltaline phosphatase are closely associated with the 
feeding end spawning t>ehavlour of the fishes* 
F B Q S P H Q R H S 
Ho definite seasonal trend is observed in phosphorus 
content in the blood serum of XssslsMSf however, low 
value is obtained in summer and maximum in winter* 
In both fishes, ifrigal and EohU| the minimam value 
is obtained in summer. After summer the concentration of 
phosphorus increases, through the first transitory period 
and attains the maximal level in winter* Higher values 
during this period are associated with intensive feeding* 
$he variation In phosphorus content in various months also 
appears to be influenced by spawning of the fish* 
- ? « 
Mghtr ealeiuiBi eoneentratlon In awriug 
iBftiiSooB eoineidei with higher feeding Int^ Aslt^ r of the 
fish* tt seems that fl^ sh at^ cuimletes large of 
caielm ^ Uftt prior to apaming* fhe lowest mt^iwa 
mm&nttmtl&n reeorSei in first tranaltorjr period is 
influenced hy spawing as fflost of the fish are found in 
spent oondition at t^is time* 
In oarps high level of oaloium is also noticed in 
the prespawilng months* Calelum ooncentration falls down 
in late aoaaoon or after spacing, ^e calcium level 
increases in the first transitory period, when the fishes 
are found in active phase of feeding, & both mrigala 
and rohita the calcium concentration in males are higher 
than in females except Just before the spawning, when the 
level of calcium in female is higher« 
SlSffl PEOTBXN 
Serum protein level in fossili^ is high from 
December to. February- It thus becomes evident that the 
fish accumulates protein, after intensive feeding in this 
season and utilises it during summer when the conditions 
are adverse, and the fish remains more or less inactive 
- ? « 
fiBd without my food* The lowest value 1» also obtained 
in sunamer* 
^ S E S S S I S i maximum level of serum protein 
ig fo^d in early winter while in rotiita in the first 
transltor^ r period* High level during this period is due 
to intensive feeding* High value of protein is found in 
females during summer, otherwise, the values are higher 
in males in seasons than in females* 
CHDLBSTMOL 
^e cholesterol level in ^ e blood serum of 
H« fossilis is foxmd to be maximum in November (11S£ mg«/ 
100 ffil« of blood) and gradually deereases reaching the 
lowest level in summer and then beeomes constant till 
monsoon. The cholesterol content in J# fo^sil^^ shows 
close relationship with feeding and spawning of the fish* 
High cholesterol contents in both mrieala 
(366.13 mg^/lOO ml. of blood) and L. rohlta (SOI.60 mg./ 
100 ml. of blood) are found in first transitory period, 
coinciding with periods of intensive feeding* The 
cholesterol level then decreases. The variation in 
cholesterol content also shows a relationship with the 
feeding and spawning of the fish. 
- ? « 
BOH 
l©vest value of lr©tt Itt first transitory 
colneidea with the spawning of the fish* Bat g* fossil^s 
sooB recovers as the iron level Increases in winter when 
intensive feeding takes place* Decline in iron content 
begins froffl snanner and the adi^Hmm level is recorded in 
the first transitory period* 
l^e masdamffi valme in both ^ e species of carp is 
fomd in stitmer lag./loO afl., and 33•aS mg^/lOO ml. 
of the blood)* The lowest valtie is obtained in winter 
in both the species. A fell of in figigeljft and 
1 1 i n rohita is noticed in late monsoon from summer, 
which is perhaps due to spawning stress* 
B B F I E B H C B S 
- ? « 
Mlkaaht, K,Hf| <19M) Qn the role of plankton in the 
BamftchaMrau, V 
l a t h d n y , B « H « <1961) The oxygen of gold fish 
JliMMs) iz^  relation to the 
eraial environment* 
SSSL»I LIT 
B a i l e y ^ 
Bally, 
(1361) statiatieal laethoas in Biology* 
(196?) the affeet of estradiol on serum 
oaloiumi phosphorus and protein 
of gold fish, J* Ex. ^ ool., 
B a k e r , 
Kline^ L»l* 
(1932) Comparative erythrocyte counts 
of representative vertebrates. 
Ball, « <1902) 
Slicher, Influence of hypophyseetoiay and of adrenocortical inhibitor 
(@lf*4S8S) on the stress response 
of the teleost fish* . ^llieneqia 
i M ^ l a s i ^ i a a a . 
Banerjee, V* (1966) Ji note on the Fragility of the 
B a n e r j e e i T . (1967) Morphology and coagulation time of the hlood cells of M* ^ m ^ U M 
(Bloch). Gurr* Scl.y 68» 
1?8 
B a n e r l e e f & 
B a r a ^ r j d d f M » 
(1066) Seasonal trariatlon la the Mood 
of content of 
(1066) A not© on he^ iaetQlogieal dtables (Bloeli)* o f J g t o ^ i s a J ^ p ^ I 
Banerjee, V* (1066) Bloo<l of soae Indian vertebrates* 
Beamish, F.w.H* ^  (1964) Bosplratlon of fishes with special 
^okerjl, emphasis on standard oxsrgen consump* 
tlon* Z* Influence of valght and 
teaperature on respiration of 
GOLDFISH, GARAAGIP 
g a ^ n d ^ J . 2 o o l « ^ 4 ^ 7 1 6 1 - 1 7 6 • 
Bhatt, V.s» (1966) Biology of some freshniater cat 
fishes, namely StsSSS ^ gspMsI, (SykesI, (Bloch)» 
fsayftsltt^  (Haia*) and 
I n i y e r s l t y ^ j a i ^ a r h t I n d i a < 2 m p p . 
B l a o k f & 
B l a o k ^ B « S f 
(1960) Cog asphyxiation of some British 
Columbia freshwater fishes* 
ijuSEsM* t 2Mf 699. 
Black, E«C« (1966) Blood levels of haemoglobin and 
lactic acid in soase freshwater 
fishes following exercise* g^ 
Bodansky, A« (1932) Wiosphatase studies I-Determination 
of Inorganic phosphate* Beer's 
law and Interfering substances 
in the kuttner » Llchtensteln 
method* Biol* Chem>, 99^ 
197-'206. 
1 ? 9 
(19^) A haeiaatological study of the 
gaims Notropis, M«se* thasis, 
tJnlvarsity of Manitoba, Winnipeg* 
Boyat, (1962) Blood cell types and differential cell coiants in Atlantic herring ^ 
Clupea harengus harengus. Sassist 
468-466. 
Brown ^ Jt.B. (19S7) fhe physiology of Fishes, Part X 
JOMG 
B o o k e i (1964a) A leview of the variations found 
in fish seruttt proteins* 
• " " JLF 
Booke, H*E« (I964h) State Conservation Dept*| Pish Kutr. I»ato« Cortland^ 
tJ.S.A* Blood seruia protein 
and ealeinia levels in yearling 
book trout. 
^ ^ 107-110* 
Booke, H»E* 
Catton, W»T* 
(196©) Increase of serum globulin level 
with age in lake inlute fish 
tSorei^ ous clupeaformis* Tran^ » 
(19S1) Blood Cell formation in certain 
teleost. Blood the J^ ouy^  of 
Chanderasekhar, K. (1969) Blood proteins of some Indian 
freshwater fishes* Proe# Ind, 
Acad. Sci.^  877-Q8fcV 
Coble» D.W. (1966) Alkaline phosphatase in fish 
s c a l e s . L t ^ B s l s - M s * , 
Conroyi & (1966) Haematological study of the H^e Rodriguez, J.L. lagrluccius) from the 
- ? « 
Croston, 6*B. (1964) Differences among groups of 
salmon In the blood serum level 
of alkaline phospbatase. 
j f f l . 
Dacie, l.V. & (1963) 
Lewis, S«M. 
Das, & (1966) 
lloltra, S.K» 
Practical haematology (3r<l edition) • St A, Clmrehill Ltd. 
Studies on the food of some common 
fi^es of ^ ttar Pradesh, India, 
I-fhe surface feeders, the mid 
feeders and the bottom feeder* 
Das, B«C* (1961) Comparative study of the blood chemistry of three species of 
:&idian Carp, Tran> Amer. Fish. 
Das, B*C« (1966) related trends in blood Chemistry and haematology of 
Ihdian Carp ( g a ^ SsSs) 
Davson, A* (193S) fhe relative number of immature 
erythrocytes in the circulating 
blood of several species of 
marine fishes. Biol. Bull.^ 
SS-4S. 
Deb, Gf A 
Boral, H.C. 
(1964) Blood fluid and haematological 
changes in Poikilothermic animals 
on cold exposure* ^mer. J. 
Dhar, R.P. (1943) A note on the haematological 
study of O'phlcephalus punctatus 
(Bloch). ^ oc# a>ol. Sbc« Bengg^ l* 
67-70. 
•Dombrowslci, H. (1963) 0ntersuchungen Liber das Blut 
des karp fens (Cypri^us carplo L) 
imd einiger enderer saswasser* 
fischarten* Biol. ?entralbl^ 
72f 182-196. 
X8l 
Brllhon, A*, 
Pine* ^ 
M & g n i B i B . 
(X961) Study of the se«ia proteins of 
LUEL^S & SG^ MFFIQIAINPFINY m 
<1906) Coatrlbutlon t L*©tuda tissue 
lysipholde des Ichttyopsldes. 
9 Mf 146-S88. 
(1989) fhe origin, development and 
function of the felood cells in 
certain marine teleosts* Part I 
396*412. 
m i o t i Fowler, Ii.O. ^  Burrows, R*B« 
<1966) Effects Of age. growth and diet 
on eharaeteristies of salmon 
fingerlings. tec^cal p&per 
Woods, 
• Paulsen* 
P e r t ^ J ' . H # 
(19SS) Flasnita cells and serum proteins 
in laarine fish* soc« EXP. 
Biol*, Jg8| 906-909. 
Field, 
Blevehjem, C.A* 
^ u d a y , C . 
(1943) A study of the blood constituents 
: of carp and trout, blol» 
phem.y 3e48, 261-269. 
FISKY C.H« & 
SubbaHow, lit. (1925) fhe coloriiBetric detarfflination of phosphorus* J'* Biol* Chem.. 
376-400. 
Flanker, N.w* & 
Houston, A«H* (1966) soi^ haematological responses to sublettial thermal stock in 
th© gold fish, 
Jgg, 1109-1120. 
Qunter, 0% <1961) Some ovalution pattern in fishes 
121f SOS-306. 
- ? « 
(>ray, I.E« St 
L e p k o i r s f e y , B * 
(1923) The infltienee of asphysclatlott 
on the iJlood of laarlne fishes^ 
l y S i o l * p h ^ * ^ § 4 9 - 5 6 4 . 
Hall, F.G. (192S) Blood coneeatratioa in. marine 
f i s h e s * . 
683-631• 
H a l l , fij 
toy, 
(1929) 1!he haemoglobin content of the 
blood of marine fishes. 
Hamolr, 6* (1966) Fish proteins IV fish blood 
proteIns. ln^ > Mv. Prot^ lfi, 
MhSB'f iQf 2 7 3 * ' a 7 4 t ^^  
H a r p e r I H . A * (1961) Eevlew of physiological chetalstry* 
few, 
M^BPM* 
Harrow, B» St 
l^mr^ A* 
(1962) fext book of Bloehemistry (8th 
edition) Sa^ inder Go* 
H a w s , a ; 
Goodnight, (1®62) Some aspeets of the haematology of two species of cat fish in 
relation to their habitats* 
Physiol.. 8-17. 
Hendricks, Xi.^ * (19S2) irythroeyte counts and haemoglobin 
determination of two species of 
sucker genus (Catostornus) from 
colorad. Copeia> 266-266. 
Hess. A.F., (1928) Difference in Calcium level of 
Bills. blood between the male and 
Weinstock, M. A female cord. Proc* Soc. Sxv, 
Rivkin, H. S M m M f 34^-3^5: 
Ho, F. Chung-Wai ft (1961) iSffect of estradiol monobenssoate 
Venstove, W.E. on some serum constituents of 
maturing sockey salmon 
50rhynchus nerka), JJ, 
866-872. 
- ? « 
amter, A*B» & 
H u n t e r , P » B . 
<1967) A eomp&retive ata&y of 
erythrocyte metabolism, M « 
470-602. 
H u n t e r ^ 
S u l y a * St 
BOXF B*E« 
(1961) Some evolutionary pattern in 
fish blooa, Biol. Bull^ 
302*306# 
Irisawa, H* & 
Irisaitfa, A*F* 
(1964) Blood aerttm protein of the 
marine elasmobranchii science. 180, 
(1060) Biochemical studies on Sockeye 
Salmon during spanning migration 
X* Glucose* total protein non-
protein nitrogen and amino acid 
nitrogen in plasma. Fisft. 
tos-MsuSaasiSf J i t i s e ^ i a e . 
Jordan. H«S« & 
C . C . 
<19S4) Studies on lymphocytes III. 
J o r d a n , & 
. f c * c . 
(1933) !Che evolution of blood forming 
tissues. asssStiUteUIM'i 
Kanungo, M.S. (1961) laewoglobin concentration in the 
blood of some vertebrates. 
113-116. 
Kaplan, H.M. & 
GrouseI 
(1966) Blood changes underlying the 
seasonal variation of frog to 
diseases. Oopeia^ jg, 62-64* 
Katz, M. (1949) fhe haematology of Silver salmon Qnchorhynchus kisutch (walbaum) 
trnpublished Ph.i)* thesis. tJniv. 
of Wash, 110 pp. 
(1960) The blood clotting time in spent 
'salmon (Qaehorhynchun K^suchi, 
Walbaum). CoPeia^ g, 160. 
- ? « 
K a t e . M , (1961) The mmber of eirythrocytes In 
the blood of silver salmon. 
' " 
Kawamoto4 H* (1929) Physiological studies on the eel X. Seasonal variations of the blood constituents, sei* 
(1967) Studies on the Lianology of 
Alig arh Fre shwa ter 8« The si s 
stibmitted in ^ igarh Misliai 
University, Aligarh, India, 
2 6 6 p p * 
K h a n , S#H# & 
Q a y y u m , A » 
Differential blood cell counts 
of four species of freshwater 
airbreathing fishes* (unpublished 
data). 
K i r s i p u u , i , (1764) Protein fractions of blood serum and their seasonal differences in some commercial fishes of the Estonian S*S«H* biva Akademii Hank Est, 
y 4 5 » o 4 * 
Kisch, B, (1949a) Haemoglobin content, siase and amount of erythrocyies in fishe$* 
It 118.133 • 
Kisch, B. (1949) Observations on the haematology 
of fishes and birds. EXP* Med* 
SMSm li S18-326. 
Kisch, B. (1961) Erythrocytes in fishes* 
M l - i a s & M Z i 1 3 6 - 1 3 7 . 
Kitts, 
Kobertson, M*C* 
Stepenson. B* ^  
Oowan, 
(1963) The normal blood chemistry of 
the beaver Coastor Gaudansis 
A PCV,ESR, Hb, HBC diameter 
and counts* Cand» Jour. 2ool., 
- ? « 
Kolmer, (1961) Approved Laboratory Technic 
Spauldiiigi E.H# & (6th edition) pentury 
Robinson, H»w» grofts. .Inja. 
K o r o l e v a i (1968) Variations In th@ content of 
protein in the blood serum of 
rainbow trout as related to 
age and food. S s M a - ^ M * 
1186.1186. 
K o r o l e v a , (1964) Protein content in blood plasma 
of rainbow trout* Qo;3» 
Rechn. B ^ 100*116» 
I i i e b f < J « E « | 
S l a n e ^ S . M , ^ 
Wilber, 
(1968) laematologieal studies on illaskan fish. Trans. Amer. 
ZLV 97^7. 
ffecnab, H.C. ^  (1966) Blood clotting time of the 
Atlantic cod., O^du^ aorhua. 
H a d s e n i M«B« & ®iba, J". (1963) On the source of the alkaline phosphatase in rat serum. 
fTpur. Blpl* Chem^y 741»760. 
McCartney I f.H, (1966a) Effect of supplemental fats in 
the water temperature on the 
total serum cholesterol ^d 
total serum lipids of brown 
J J f O t t t . P g r t l f f i j ^ , 
fiept. Noj^, S6-42* 
MeCay, (1989) Studies upon fish blood and its relation to water polutlon. In 
Conservative Dept. 140*'149* 
%KHLGHT, I^M. (1966) A haematologlcal study on the 
mountain white fish, Prosopium 
wllliftmsoi^ . ^ l ^ j m T I ^ ^ M * 
Canada y 46-64. 
- ? « 
Mfeianaeri H.M. & (1062) Effect of temperature and 
Hlekmen^  C*P* Jr* Hioto period oti the serum 
proteins of the raliifeow trout, 
saXraogftlrdnerii, Cetn, 3* 7mX, 
i S , 1 2 r ? . 1 2 9 . 
(1Q62) A oomparetive study of the 
protein concentration of the 
blood plasma in some represen-
tative vertebrates^ gniv« 
MUraehl, <19e9) Haemoglobin content, erythrocyte 
sedimentation rate and haemato-
erlt of the blood in the young 
of young carp (SsOESms SSOia) 
» i f 241*247 • 
J i i s a e c h i a , J « ^ 
S e i v e r ^ i 
(1966) Effects of Induced cold torpor 
on blood of Ohryseays picta. 
J3ier« Fhyjsto;i>.f 1,87^  99*102. 
(1966a) Protein variations in atlantlc 
salmon (Samo salar)« L^t bruksh« 
msVi 22S*»280. 
O ' H o u r i E e , F * J r » (1960a) Observations on the serum proteins of the bassI Mgrone labrax L. (PicesI Serranidae) Proc« Roy« Irish 
Oser, 6«L« (1966) Hawk's Hiysiological Chemistry 
(14th edition) Mo Grav-Hill Book 
Qst* 
Phillips, A.MtJr, (1947) The effect of asphyxia upon the red cell content of trout blood* 
Oopeiay 183^186• 
Hiillips, A.M«Jr. (196S) fhe nutrition of troiat. Cantland 
Podolla, H# Hatchery Eeport Ho*26 for 1967, 
Brockway, D»R. & jfew York Conservative Department> 
H e ? . B J j q , , Vaughn, M.H* 
- ? « 
(1968) Itorphologleal m a PIqtBiological 
characters of the blood ©f 
Hllsa llisha (Hdm«) of the 
river laogly* Profi* Agaja* 
S c l ^ . l © 6 * 1 6 2 t 
Pilot, J. (1964) fhe electrophoresis of serum 
protela in the fish, C«R. goe. 
Biol. Parisf 120-123^ 
Pradhan^  S.Vt (1961) A study of Mood of a few Indian 
fishes (1) Haemoglobin. Proc. 
Indian, ilcad. 8c J4, 261-256. 
Preston, A* (1960) Bed blood values in the Plalca 
Biol, ^ ss.' 
Prosser, C.L, A (1962) Comparative animal physiology 
Bro^, (2nd. Edition), W.B. Sattnders 
Qaslm, 
Qayyu®, A* 
(1961) Spawning frequencies and breeding 
seasons of some freshwater fishes 
with special reference to those 
occurring in the plains of 
northern India. Ind|>an Jpuri^ a^  
AOSSSLA* IF 
Qayyum, A* St 
Qasim, B*2« (1964) Studies on the biology of some freshwater fishes. Part 
(Bloeh). 
24*98• 
Qayyum, A« <& 
Naseera, S«M. (1967) A Haewatologlcal study on Mrlgal, Clrrhlna rarlgsla (Ham.), pury. 
3§, 436-436. 
Bashld, A. & George. T.P. Unpublished data 
- ? « 
Kdport submitted (196S) Studies on the biochemical 
to I.e.A.R. composition of some freshwater 
fishes* 
Kemikoff. ^ (1934) Ifeematological studies In ^ og 
Reaiikoff, D.G. fish ( M s M M SSIIS) ^ iol. Bull. 
Boche. S* < 1 9 6 0 ) P h o s p h a t a s e s , i a t h e © n s s y m e s * 
H o e , & 
K k h n , B . S . 
<1920) Ihe eoloriaietrle determination 
of blood calcium. 3". Biol. Chetn. ^  
Boot, a.w. (1931) The respiratory function of the 
blow of marine fishes. Biol* 
Bund, J.J. (1964) Vertebrates without erythrocytes and blood pigment. Kgtgrg, 173. 848-350. 
Saito. K. (1964b) Biochemical studies on fish 
blood III- The specific gravity 
chemical components of blood 
and plasma. Bill Japan. Mc, 
tisfterips^  20. 196-20~ 
Salto I K. (1967a) Biochemical studies on fish blood* 
VIII. On the electrophoretic 
specificity of serum proteins. 
762-769. 
Salto, K. (1967b) Biochemical studies on fish blood. 
IX. On the paper electrophoretic 
analysis of serum proteins. 
^ ^ ^ 7 6 0 - 7 ^ * S o f f , ^ g g J - , * F i g h e r i e g 
- ? « 
Sftlto, <3.@67e) BioohefflioeX etuSles on fish blood 
X« On the seasons! variation of 
a0mm protein dom^nents of 
.mUM^m^m 768^  
SftitO, K, (19S?d) Bioehemlcftl staaies on fish blood. 
Xl# On the serum protein components 
of aatare and immature stage of 
marine elasmobrenchs* Bgll Japan* 
mArfhPfrhn m rfz^m. 
Salto. (19£S) Biochemioal studies on fish blood* 
X2I1« the electrophoretio speei-
ficitsr of sertim lipoprotein and 
glycoprotein, 
B&nOf T. (19§0) Hsematologieal studies of 
eulture fishes in ^ ®pan* Changes in blood constituents with the growth of rainbow trout. 
S a n o ^ (1960) Haematological studies of the 
culture fishes in Japan* 
Seasonal variations of the blood 
eonstituents of rainbow trout* 
S a n o , t * (1960) Haematologieal studies of the 
eulture fishes in Japan* 
(4) Method for repeated drawing 
of blood from Cuyierian duct* 
^ k y f f , 
S a n O | T « (1962) Haematologieal studies of the culture fishes in Japan# 
Variation in blood constituents 
of Japanese eel (jtoldtM iSSplSS) during starvation. J« toleyo. tiniy* 
- ? « 
Saunders« S«(>« (1964) laeotjpophoretic studies of s^ fum proteins of ttiree trout 
speeies iM the resulting h:^ brlds 
within the family saliaonldaes* 
In Toxonomlc Biochemistry and 
Serology 6?a-679« Bditpd 
MpmM. 99* 
S a u n d e r s , (1966a) Elasmotiranchs blood cells. Copeia^ S48-361. 
Saunders 9 P«C* (1966b) Differencial blood cell counts of 121 species of marine fishes 
of Fuevto aico. Jrans» Mer« 
Saunders, B«C« (1968) Variations in thrombocytes and small l^phocytes found In the 
circulating blood of Marine 
Pishes* ,frans# iimer* Microse» 
, g O G i f 
Schaeferi A^A, (1936) Hie number of blood corpuscles in fishes in relation to 
starvation and seasonal cycles« 
Pen* Physiol* f 2t 341-343, 
schiffman, E.H* (1969b) Measurement of some physiological parameters in rainbow trout 
CSalmo gairdnerii)* Can* J* 
Schliche^, J. (1927) Verglelchen iftiysiologlche tJntersuchungen dev Blutkorper chenaahlen bel knochen fischen 
I 1 2 1 • • 2 0 8 * 
Scholandar, P,F» (1967b) fhe concentration of haemoglobin in some cold water Arctic fishest 
- ? « 
S h e l l y (1961) Clieraical coapoaition of blood of small mouth bass* Bfts. 
SlSdimii, 
S M d l q U l , 
<1@6£) Seasonal variations la caleixw 
inorganie phosphate ^  alkaline 
phosphatase content of 
. (Bioch). M i m 
B i d d i q w l , M . A - (1966) Seasonal variations in total oholesterol content in dlifferent 
t i s s u e s o f m m m 
(Bloeh). t^^lm 
Slioher, (1961) Wocrlnological and haematologi* eal staaies in 
Mteroclitus (Linn#}*Thesis 
submitted to K.Y. Univ* Hew York, 
StQith, 
Lewis, i 
E a p l a n ^ 
(19SE) Comparative morphologic and 
physiologic study of fish blood* 
•, 169«172.' 
Spoor, M.A. (19B1) femperatur® and the erythrocyte 
count of gold flsh« Fed. Prop* 
Stadtman, (1961) fhe enzymes (II edition)• Academic Press« N^ t* London* 
Summerfelt, B.C. (1966) Blood proteins their pattern 
variations and functions in the golden shiner, Notemigoi^s 
crysoleucas* univ* mlcrof 
Tyler, (1960) Erythrocyte counts and haemoglobin determinations for two 4rtartic 
nototheniid fishes. Stanford 
jgh^hyol* ...B^ I^ Im 199-201* 
- ? « 
V a r e s , H % M » (19M) Blood studies on fish and tartles* J* ^ lol* Chem*^ 
V e l d r e i l « E * On the changes of the 
hlood charaeteristies of Hoaeh 
and Perch, lehthol* Problem., 
ig, 13a»140. 
Wetgon, L.^ r., (196S) ®ie haeraatology of gold fish, 
Shechmeister, & s m M M * M2lagl&, 
Todd, W»R* 
(1961) f^ext' look of Biochemistry?' Ord Edition), yhe Waemlll^ 
^m, Jm^* 
m n t r o h e , (19S4) Variations in the siae and haemoglobin content of erythro-
cytes In the blood of various 
vertebrates, folia Baeaatol*, 
82-49# . 
W o n g I s«t« (1928) Coloriffletric determination of 
iron and haemoglobin in blood*II 
Biol* Chem.^ 2Zi 409-412. 
Yokoyama, H,0. (1947) Studies on the origin, development end seasonal variation in the blood cells of the perch, 
^ p ^ m m m s ) t h e s i s W* Wisconsin, 160 pp. 
Young, R«T» (1949) Variations in the blood cells 
volume of individual fish. 
S2ESSS» 19^9t 213-218, 
• Eeferences have not been consulted in original. 
mSTRACT 
Knowledge of the haematology of a particular animal is 
essential, because it unfolds the metabolic conditions and the 
physiological changes occurring in the animal body. The blood 
picture of lower vertebrates, in general and of fishes, in 
particular, Is very much obscure. This thesis emphasizes 
(i) the comparative blood values of some freshwater fishes, 
(ii) a detailed study on haematology of two Important species 
of major carps namely, Cirrhina mrigala and Labeo rohita and 
its variations according to the si2©, weight, season and maturity 
of the gonad of the fish, (ill) Seasonal changes in the blood 
values of these two species of major carps and the influence of 
various environmental factors e.g., temperature, dissolved 
oxygen concentration, hydrogen ion concentration and feeding 
behaviour have been evaluated, (iv) Besides this a few 
biochemical constituents of some freshwater fishes have also 
been estimated, (v) Seasonal changes in the biochemical 
constituents have been related with the feeding intensity and 
changes occurring in the gonad conditions of Heteropneustes 
fossilis, Cirrhina ^ i^ala and Labeo rohita. 
The paucity of literature and the absence of any authentic 
record on haematology and biochemistry of fish blood of Indian 
freshwaters was the main factor responsible for initiating the 
present work. 
HAEMAL!0LOGICAII STUDIES ON SOME FRESHWATER FISHES 
Comparative study of the freshv/ater fishes reveals that 
maxitnum packed cell volume is found in Symbranchus bengalensis* 
The haematoerit values in air breathing fishes CGlarias mapur^ 
Heteropneustes fossilis and Qphicephalas striatus) are lower 
than bengalensis^ but are much higher than the values obtained 
for carps* 
Jtoong the three species of major carps, maxiinum value of 
packed cell volume is obtained in C, catla^ while minimum is 
found in L. rohita* 
In all the species investigated, higher values of packed 
cell volume is found in males than in females* 
Both mrigala and L. rohita show significantly high 
packed cell volume in smimer than in winter. Higher values of 
packed cell volume is also obtained in ripe fishes (4th stage 
of gonad maturation) than found in itaiaature fishes, significant 
differences have been also noticed in packed cell volume, at 
different lengths and weights of the fishes. 
Haemoglobin content in air breathing fishes is much 
higher, due to the fact that they are taore active and require 
more oxygen to meet their high metabolic activity. Anong carps, 
maximum level of haemoglobin is found in C. catla than in the 
other two species, which have more or less equal amount of 
haemoglobin content in their blood. 
• 3 -
Lowest amount of haemoglobin is fotind in bottom dweller 
sltiggish fish, W, atttt. Distribution of haemoglobin content at 
various ler^ths and weights of C, mrigala and L. rohita are 
significant. 
Seasonal variations in haemoglobin content and Influence 
of various ecological factors are very apparent. In both the 
species maxiraum level of haemoglobin is found in summer, which 
appears to be due to high temperature, low dissolved oxygen 
concentration and abundance of food, A high haemoglobin content 
in ripe fishes (4th stage of gonad maturation) found in Hrigal 
and Hohu,.has been also reported by other workers for other 
species* 
g^ain the red blood counts are high in air breathing 
fishes <0. striatus^  C. msgur and H, fossil!s) * Minimum count 
of red blood cells Is found in Jg. attu. Among carps, erythrocyte 
coiints are higher in C, catla^ while in C, mrigala and L. rohita 
/ 
the counts are similar. 
Variations in erythrocyte counts at different lengths 
and weights follow the same pattern as noticed for packed cell 
volume and haemoglobin in C, i^ rigala and L. rohita. Significant 
differences have been obtained in different seasons of the year,. 
The erythrocyte counts for both the species ar# higher in summer 
than in winter. In ripe fishes the erythrocyte counts are higher 
in both the sexes of both the species. 
I.eucocyte coxmts in different species do not vary much 
and their number is mach lower than reported in otl^r freshwater 
and marine fishes. The variations are also very much restrictei 
in different seasons and at different lengths and weights of 
the fish. 
Differential counts hav^ been made only on three species 
of major carps. Throtabocytes, which have been Included in the 
leucocytic series, are found in maxiinum numbers in C, mrtgala 
m d lowest lu BSMSS;* Ipapboc-ytes are very rare, 
small lymphocytes are abundant in Rohu, The ranges of neutrophils 
in all the three species are aln«>st identical, ^sinophils are 
maxitauai in C. catla. Basophil is only noticed in Bohu. All the 
species of raa^or carps investigated, come under Dawson's II and 
III group, on the basis of presence of immature erythrocytes in 
the circulating blood. 
ffexinmm clotting time i5 obtained in C. catla and 
fflrigala while in L. rohita^  W. attaa and C. magur the clotting 
time is more or less same. Miuinium clotting time is found in 
0' SMIMMS.' 
BIOCHEMICAL COMPOSITION OF SOME FRBSHWATSR FISHES 
The following biochemic&l constituents of the blood 
serum of some freshwater fishejs have been estimated. Seasonal 
variations in alkaline phosphatase level, phosphorus, calcium, 
cholesterol, protein and iron content have been observed in the 
blood serum of Heteropneustes fossllis and in two species of 
major carps namely, Cirrhlna myigala end Lebeo rohita> The 
results thus obtained have been correlated with the two most 
Important aspects of the biology i.e., feeding Intensity of the 
fish and affect of spawning and maturation of gonads in various 
months* 
jO-kaline phosphatase activity 
Mgh level of alkaline phosphatase is found in the 
carnivorous fishes (H. fossilis and W. attu). While among carps, 
alkaline phosphatase level gradually decreases from bottom feeder 
?»rigala to surface feeder C. catla. the difference seems to 
be due to different dietary habits of the three species of major 
car|3s* The males, in all the species investigated, are found 
to have higher level of alkaline phosphatase than the females. 
In H. fossilisT maximum level of alkaline phosphatase is 
found in November, when the dietai^ condition of the habitat is 
excellent. Lowest value in suasner coincides with the adverse 
environmental conditions, as the habitat usually gets dired and 
the food becomes scare. In carps minimum level of alkaline 
phosphatase is found In monsoon. The level of alkaline phospha-
tase then gradually increases reaching maximum in early winter. 
When the spawning seasoti approaches the values fall down. 
Phosphorus 
Phosphorus contents in the blood serum of H. fossilis. 
h* gohita and C. catla are more or less similar. Maximum 
phosphorus content is found in W. attu and minimum in C. mrieala. 
6 -
^ 3* fosaills^  again the level of phosphorus Is high 
In winter and low in sumtner. Variations in phosphorus contents 
in both Birigal and Rohu are found to he greatly influenced by 
spawning and feeding habits of 'the fish. 
Calcium 
Maxinjuffl calcium content is found in H. fossilis^  while 
minimum in fittu. The three species of ata^ or carps 'do not 
show much variation in their serum calcium contents. 
J" fossills accumulates a large quantity of calcium 
just prior to the spawning and shows low values after spawning. 
The values increase when the fish is in active phase of feeding. 
Similar variations as noted for H. fossilis are also noticed in 
two species of major carps. 
Total serum protein 
In both the carnivorous species investigated, the protein 
contents are awch higher and similar. In major carps protein 
content gradually decreases from surface feeder, C. catla to 
bottom feeder C. mrigfila. The males of all the species are 
showed higher protein content than the females. 
Serum protein in H. fossilis is high in winter, which 
is utilized during summer when the dietary and environmental 
conditions are unfavourable. major carps, high protein 
content In first transitory period and winter indicates tiiat 
the fish soon recovers after spawning, due to intensive feeding. 
- ? « 
Protein values In males are higher throughout the year except 
In spawning season when the values in females are higher, 
Chole,sterol 
As found in protein, the cholesterol content is higher 
in carnivorous fishes (H. fossllis and W. attu). The cholesterol 
contents in C. catla and L, rohita are almost the same while the 
values are higher in C. jarigala. Except in C. mri|gala higher 
values are noticed in males than in females. 
Seasonal variations in cholesterol contents of all the 
species follow similar pattern. High values are obtained during 
intensive feeding period, while low values are found when the 
fishes are spent. 
Iron 
Iron levels in the blood of W. attu j C. taripala and 
i* yohit^ are comparable. Maximum iron content is found in 
J* fossills^  while among carps the iron is maximum in C. catlp. 
The lowest value of iron just after spawnir^ indicates 
the aenemic condition of H. fossllis^ C. mriftala and L. rohita. 
l^ile maximum value of iron in ell the three species is found 
in their respective intensive feeding periods. 
